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Clearview Binoculars: Four Square Chapel, Mapplewell. 375 6GG. Tel 01226 383736. 


Callers very welcome, please check website for opening times. 


Ts! eb e a Binocular Outlet. Check our website or visit us at our shows throughout the UK. 
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The Far-Sighted binocular company is a group of independent specialist optical goods suppliers. For more information please visil www-far-sighted.co.uk. 
Offers are subject to availability and at participating outlets only. Prices and specifications are subject to change without notice. 
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[had a brief conversation headlines - the confirmation of the Big Bang/ 
with someone recently cosmic inflation theory. When a group of 
who had no association scientists in the South Pole found an anomalous 
with NASA or any formal JIC SlOMes aime ac ee)e ere Rese lellsecitae| | 
qualifications in the a monumental discovery, they didn't tell the Ses ecto. 
sciences. They were national papers. Instead they quelled their Jonathan O'Callaghan 
commenting, apparently excitement and spent a year trying to prove the : PBs nas 
with near certainty, on signal was nothing more than aripple in space, a lastissue. After two 
how they thought the passing comet ora spot on the lens. saad attri it 
UMA ICOM ANA ee ceercdnenens It brings to mind two quotes, Arthur Conan Ae. aera | 
rock - discovered in the Gale Crater early this year Doyle's famous: “When you have eliminated the 
by the Curiosity rover - could be of extraterrestrial impossible..." and Asimov's equally pertinent: Gemma Lavender 
origin. I paid about as much mind to that as any “The most exciting phrase to hear in science...” - rile 
other spurious intemet theory, but their rather It's infinitely more difficult to come to far-flung Ss 
fantastic leap of logic was partly attributed to conclusions when you'e an expert but if, after Mars opposition 
the fact that NASA hadn't immediately flagged numerous attempts to shoot your own findings Na Ow 
the anomalous-looking Martian mineral up and down, it's the only conclusion left, that epiphany | 
offered an explanation, or apparently made any PHU e CON Coe Beligel eens el Cte iin ae 
investigation into it. _ th usonajoumey 
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“We kept seeing this 
extra signal and 
actually we were 
DAR MeRUerliae 
that we couldn't 
get rid of it!” 
cic wre see a 
BICEP project co-leader 
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watershed moment and I thought, 
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on the Hubble ia" 


Roughly 8,000 light years away and nestled in the small open er 


' Cluster Pismis 24, young bright star Pismis 24-1 was one of the.top,. 


candidates for the title ‘Heavyweight Champion of the Milky Way’. 
That is until Hubble turned its telescopic eyes to the star, resolving 
eben orm panions. This shrunk its original 200 solar 
mass bulk, halving it to around 100 solar masses. 

The large,emission nebula NGC 6357 can also be seen, peeking 
RIERA eR Cle eR RU eR Rms eL 
of thick, freezing-cold chunks of gas and dust is blasted by the 
intense ultraviolet radiation of its young stars. 
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Telescope 
territory 


Pieced together using 37 individual frames, 
this stunning 360-degree panorama sees the 
open telescope domes of ESO's Very Large 
Telescope standing sentry, observing celestial 
ce etesM nels mee el U te een et ae 
VL eS eee me nm ele ERENT nee, 
riele| lee] Min ae AO ke) melt | me] ed em gt -)45)8 6) a oe 
the Small and Large Magellanic Clouds, rest to 
the right and close to the horizon. 











Hello, world! 


Astronaut Soichi Noguchi of the 
Beer aaa] cele rele ob fe) feel el 
tog aed ee eel ed 
crewmate Stephen Robinson a wave 
during an EVA on 1 August 2005. 
Look closely at Noguchi's helmet 
visor and you should be able 
to see Robinson using a digital 
Se ee ne els 
outfit for EVA exposure. A desert 
on Earth some 362 kilometres (225 
miles) below the pair serves as 
PC ala emer a elee) em ce) magl 
incredible shot. 





WWwW.spaceanswer 





Satur strikes a pose 


Hubble got a front-row seat of Saturn as the gas giant tilted its majestic 
ring system towards and away from the space-based telescope over 
the course of the planet's 29-year journey around the Sun. 

In these shots taken from 1996 through to 2000, swathes of 
brightness and colour changes set off the dusty water ice rings. 

The first image of the sequence (lower-left) reveals the cyclical 
changes brought on by the autumnal equinox in the planet's northern 
Wee) 2 eee =) eR eee eRe) 
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Homeward-bound 


Photographed by the STS-125 crew on flight day ten, the view 
of the journey home for Space Shuttle Atlantis is paved by the 
eri 8e 8a ome ot ee marae e RD 
line of its atmosphere that's marked by the brilliance of the Sun. 

The shuttle’s payload bay, remote manipulator system robotic 
FIGS E Le Mtr lsh eM 1D ele cee (es) Bie] 8) |e 
lec) Mis Cee MRC) age eee] eee ee) 
the breathtaking feat of space exploration. 
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Icy moons 


































Saturn-orbiting space probe Cassini 
has confirmed the existence of a 
subsurface ocean on the icy moon 
heed ele (Umer (LOREM homer je al Card 
for some time now that a body of 
liquid water could exist beneath 
hate) Telt heme Gehan e el ariel 0 
it’s only with the data provided 
by Cassini's radio science 
See SUMO eI mle) yy 
ee ienN mA NTs 
The craft was pulled 
eee eee ee 
PAE c hale 
affecting a change in 
its velocity of between 
0.2 to 0.3 millimetres 
per second. “By 
PEI Mei a nT 
jer ee ede 
motion in this 
EV ae Oem el a bass 
into account the 
ce) eerie 
the moon we see 
with Cassini's 
ae ee oe 
given a window 
Wyte mmole nicer dT 
structure of 
hate Tal te 
SBE ela 
scientist and 
member of the 
Cassini radio 
science team, 
Luciano less. Though 
the difference in 
ele eee able 
just over a metre (3.28 
feet) per hour, it could 
“Melee ee cary 





OES een erica eee elem lan el 
eee eles ele eee 
suggesting a watery interior 


ubsurface 
ocean discovered 


The Cassini spacecraft has spotted a liquid interior 
beneath the surface of Saturn's moon Enceladus 


transmitted back to Earth. From this, 
variance in the affect of Enceladus's 
gravity could be measured and 
ultimately the difference in the 
distribution of the moon's interior 
mass was confirmed. 

“The perturbations in the 
Preece wiles er mec lime miele cit 
simply explained by the moon having 
an asymmetric internal structure, 
emer eet eee mel yld) cm belt Tel 
water at a depth of around 30 to 40 
kilometres (18 to 25 miles) in the 
moon's southern hemisphere.” 

Scientists think that the sea most 
likely stretches from the south pole 
of the moon, up to about 50 degrees 
WMG i eeelt a Semel LANs (omer rciee mela) 
Enceladus's topography and regional 
temperatures observed at its surface. 
However, a global ocean cannot be 
eee ae 

The sixth-largest moon of Saturn 
has been known to contain some 
liquid water and a suspected 
subsurface reservoir ever since 2005. 
That year the Cassini spacecraft began 
its round of close flybys of Enceladus, 
which enabled it to pick the detail 
of the moon's surface features out - 
including jets of water spouting from 
near its south pole. Cryovolcanos 
cd (Mela em (GST emO)LNTNN acme) | 
water vapour and volatiles, at the 
rate of 200 kilograms (440 pounds) 
by eee) Nle MTN LO MMO CeMc tbe) bel Comet ara 
falling back down as a kind of snow. 

UREN elem eee eee mente 
changes in the gravitational stress 
on Enceladus from its giant parent 
Saturn suggested a large body of 


water beneath its crust. @ 
“An ice shell overlies 
liquid water ata 
Wes th of around 30 to 
‘(Okm in the moon's 
southern hemisphere” 
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Stay up to date... 
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off! Europe's first 
_-observation satellite 


Sentinel 1A, the first satellite dedicated 
to the EU's Earth-observatic 

CUCM Oe eee ee eT 

launched from Kourou, French Guiana 










successfully launched 


The first satellite dedicated to the EU's Earth-observation 
programme was successfully launched from Europe's 
Spaceport at Kourou, French Guiana 


Early April saw a major milestone 
being reached as Sentinel 1A, the first 
satellite dedicated to the European 
Union's Earth-observation programme 
Copernicus, successfully left Earth 
from French Guiana. 

Copernicus, which marks 
the achievement of Europe's 
involvement in space activities, will 
ensure the regular monitoring and 
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observation of our planet's surface, 
scanning its atmosphere, oceans 
and continental surfaces to provide 
reliable information to support a wide 
range of environmental and security 
appucations and decisions. 

‘Thanks to Sentinel 1A, which 
is the first of a constellation of 
satellites dedicated to the Copernicus 
programme, new eyes will observe our 


World of An: 
on sale now! 


From the slovenly sloths of the 
Amazon rainforest to the predatory 
polar bears of the Arctic Circle, 
World of Animals is a new monthly 
magazine from the makers of How 
It Works and All About History that 
takes a unique look at wonderful 
wildlife from all over the globe. 

With breathtaking photography, 
captivating stories and stunning 
illustrations, each issue offers the 
Safari of a lifetime that takes the reader 








living Earth as never before and these 
eyes will be European,” explained 
Antonio Tajani, the European 
commission Vice president. 

“The data provided... will enable 
considerable progress in improving 
Maritime security, climate change 
monitoring, as well as providing 
support in emergency and crisis 
situations..." Tajani concluded. @ 


als issue 6 


on a fact-filled tour of the planet's 
favourite wildlife. 

World of Animals can be found 
for 10S and Android, available 
from Www.gteatdigitalmags. 
com and is accompanied by a brand- 
new companion website: www. 
animalanswers.co.uk. You 
can connect with the team on 
Twitter @WorldAnimalsMag and 
Facebook at www.facebook.com/ 
worldofanimalsmag. @ 








For full articles: 


www. 


Martian crater 
held a lake 


It appears that Mars’ Gusev Crater 
did in fact hold water at some 
time in its history, as was thought. 

A high rocky outcrop has 
shown evidence of hydrothermal 
activity, suggesting a rather high 
amount of magnesium-iron 
carbonate minerals. 








Hubble 
measures ten- 





times further 
Enlisting the help of Hubble, 
astronomers are now able to 
measure stars as far as 10,000 
light years away - ten-times 
further than before - and more 
accurately than previous. 


Astronomers 
find possible 
exomoon 


A team of astronomers believe 
they could have spotted the first 
signs of a natural satellite that 
could be orbiting an exoplanet. 

The find was made by watching 
a chance encounter of objects that 
can only be made once. 


Work starts on 
OSIRIS-REx 
The go-ahead to build OSIRIS-REx, 
a spacecraft set to visit near-Earth 
asteroid Bennu in 2018 to collect 
samples, has been given by NASA. 
The mission aims to broaden 
our understanding of the early 
Solar System as well as the source 
of the organic materials and water 
that made life on Earth possible. 
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LAUNC ts THE UNIVERSE 
Final instrument 
installed on JWST 

The JWST reaches a milestone as its 


central unit is completed, keeping it on 
track for a 2018 launch 


The final of four instruments that 
completes the heart of the James 
Webb Space Telescope (JWST) has 
been installed inside the world's 
largest clean room at NASA's Goddard 
Space Flight Center. 

The 6,500-kilogram (14,300-pound) 
successor to the long-serving Hubble 
Space Telescope, that's been slated for 
launch in 2018, will help us unlock 
the history of our universe. The new 
craft aims to search from the first 
Cee tt meee) or Pema) ery 
to the formation of star systems 
capable of supporting life and all the 
way down to the fine details that 


Evidence 
discovered of a 
massive Earth 
impact larger 
than Chicxulub 


An asteroid estimated to be up to 
five-times larger than the one that 
supposedly wiped out the dinosaurs 
is thought to have slammed into our 
planet some 3.26 billion years ago. 

The mammoth collision made Earth 
shudder for half an hour and created 
tsunamis thousands of times taller 
than the one following the Japanese 
earthquake in 2011. The evidence 
found by Donald Lowe of Stanford 
University doesn't come in the form 
of a crater - instead, it's in the shape 
of an ancient rock formation in south- 
eastern Africa. 

The impactor is thought to have 
been somewhere between 37 and 
58 kilometres (23 to 36 miles) wide, 
hitting our planet at 20 kilometres (12 
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govern the evolution of our own Solar 
System. Adding the Near-infrared 
Spectrograph at its heart, scientifically 
known as the Integrated Science 
Instrument Module (ISIM), this is yet 
FINO ime mI ices meee aaa e rele) (= 
the telescope to do just that. 
"NIRSpec is a multi-object 
Jee eee PMR VOTO On berm eee 
be capable of observing 100 objects 
in the cosmos simultaneously,” 
says Maurice te Plate, both the 
JWST's system integration and test 
manager. “For each of these objects 
the captured light will gradually be 
unravelled into a spectrum.” @ 


“The impact sent debris into 


the atmosphere that circled 
the globe” 


miles) per second. “We knew it was 
big, but we didn't know how big,” says 
Lowe. The impact sent debris into the 
atmosphere that circled the globe, 
with some finding its way into rocks 
thousands of miles away. 


What's more, there is also evidence 
for similar catastrophic impacts in 
South Africa and western Australia 
that occurred between 3.23 and 3.47 
billion years ago, during the Late 
Heavy Bombardment period. @ 


SWS elE eee Mil late epi n eels 
heart of the JWST had to be done 
with great care 


Super Planet Crash enables users 

to build planetary systems, 
accumulating points as they go. But 
be careful - any one of these planets 
could destroy it 


Super Planet 
Crash: Angry 
Birds for 
astronomers 
Forget Candy Crush, astronomers 

at UC Santa Cruz have developed 
Super Planet Crash, a game that 
enables you to build your own 
planetary system until it’s destroyed, 
smashing up planets as it goes. 

It's like Angry Birds for 
astronomers, but the aim of the 
game is to put planets into orbit 
around a star, racking up points as 
you go until a planet is added that 
inevitably obliterates the system. 
Hailed as quite an addictive game, 
the software code behind Super 
Planet Crash is actually the same 
that astronomers use to find worlds 
beyond our own Solar System. 

This scientific software package, 
called Systemic Console, pulls 
planet discoveries out of the floods 
of data acquired by missions such as 
the Automated Planet Finder at Lick 
Observatory, giving a real-world feel 
to the game. @ 
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In the style of the most international conspiracy 
action-packed James Bond huris secret agent 
movies, this novel launches you Peter Novak through another 
into a suspenseful story of space-age thriller as he goes 


behind the scenes and 
back into orbit to thwart 
another Chinese pilot. 


international space intrigue 
and never jets up the pace. 


Francis French, author, 
in 4 eee eee Scott Gunnerson, 


Florida Today 
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“Riveting... 
couldn't put it down!” 


Charlie Duke 
Apollo 16 Moonwalker 





AVAILABLE IN 


HARDBACK AND EBOOK www.spacehoax.com 











Return to the Moon 











No one has set foot on the Moon since 1972, but with 
commercial and government organisations restarting the 
Space race, the way is being paved for humanity to make a 
long-awaited return to our constant orbital companion 
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In 1969, Neil Armstrong became the first human to 
step onto another world. Watched by half a billion 
people, this seminal event marked the culmination 
of a ten-year race with the Soviet Union and spurred 
three more years of manned lunar missions. The 
Apollo programme took 12 men to the Moon and 
returned hundreds of kilograms of rock home for 
study. However, since Eugene Cernan stepped back 
onto the lunar module in 1972, humanity hasn't 
returned to the Moon's surface. 

Although the Soviet Union would send a few more 
unmanned lunar missions in the mid-1970s, after the 
Cold War ended the incentive to continue launching 
expensive missions was gone. The heavy-lift rockets 
required to propel a human crew, as well as all their 
life-support equipment, out of the atmosphere were 
very costly. In the wake of Apollo 13 and its on-board 
explosion there were also serious concerms over 
astronaut safety. The risk and expense outweighed 
any potential benefit and, during the 1980s, not a 
single spacecraft went to the Moon. 

Today, advances in technology have reignited 
interest in the Moon and not only do the USA and 
Russia both have active missions examining the 
TDD ele eel meee eh 
Ue Mee) Mere Oia em belee 

The Moon is of particular interest to scientific 
study of the history of the Solar System. Since Earth 
formed 4.5 billion years ago, the surface has been 


eo hac nme) ae elie Co be 


constantly remodelled. Plate tectonics, volcanic 
activity, sediment deposition and erosion by water 
have changed the surface of our planet, burying 
evidence of the early Solar System. The Moon, 
however, is a time capsule. WTS Taces is Static 
and craters dating back to the beginnings of the Solar 
System give us the opportunity to look back in time. 

The information already gathered from the Moon 
has provided us with invaluable clues about our own 
history. Rocks recovered from impact craters during 
the Apollo missions revealed that shocked quartz 
is formed under the intense pressure of an asteroid 
collision. This discovery enabled us to link the 
presence of shocked quartz at the Cretaceous-Tertiary 
ale) UINTer AMO) (t (es ev ae ee eaten Ldtme men e-e) eit 
impact, providing evidence to support the theory that 
a huge space rock killed the dinosaurs. 

Interest in the geology of the Moon grew and 
in 2008 India launched its first scientific mission, 
Chandrayaan-l, into its orbit. The craft, a cuboidal, 
See e el i 0me) (eC ane me len em (Ome ilar Coe 
three-dimensional map of the entire surface of the 
Moon and identify the positions of valuable mineral 
deposits. A follow-up mission, Chandrayaan-2, is 
planned for late-2016 or early-2017 and will include a 
lander, with a rover set to investigate the composition 
RUMEN aCe wR Be Cm ble Maree elntaeD 
nation to soft-land a craft on the Moon, paving the 
way for future exploratory ventures. The Russian 
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Return to the Moon 


Federal Space Agency is also very interested in Luna 2 
learning more about the history of the Moon and the 
Luna-Glob 1 mission, also launching in 2016, will use 
epround-penetrating sensors to strike the surface in 
order to detect seismic activity. 

Not only could lunar rocks provide information 
about the history of our Solar System, there is also 
much to be learnt about our own relationship with 
the Moon itself. Since the late-1950s, humanity has 
bombarded the Moon with exploratory craft and the 
remnants of impactors, landers and rovers remain 
on the surface. These relics are not only a key part 
of human history, but analysing their condition after 
40 or more years on the lunar surface could offer 
Valuable information for future equipment design. 

Buzz Aldrin once said, “We've done the Moon”, but 
in fact we've barely scratched the surface. The surface 
area of our natural satellite is approximately equal 
to North and South America combined and we've 
only explored a tiny fraction of it. The Google Lunar 
XPRIZE is offering $20 million (£12 million) to the 
first private team to land a robot on the surface of 
the Moon, explore for 500 metres (1,640 feet) in any 
direction and then send high-definition footage of 
this achievement home to Earth. Extra money will be 
awarded if the team manages to land near a heritage 
site - particularly one of the Apollo landers. 

The Moon itself is a valuable resource, so both 
government space agencies and private companies 
are interested in utilising its untapped potential. 

Rock samples collected by Neil Armstrong revealed 
that lunar soil contains helium-3. This rare isotope of 
helium is a potential fuel source for a clean nuclear 
fusion reactor. It could also be used in medical 
technology, producing isotopes. 

Many teams competing for the Google Lunar 
XPRIZE are also interested in the potential for 


“There is also much 
to be learnt about 
our relationshi 
with the Moon” 


Since Apollo 11 touched 

down on the Moon in 
1969,only12people = 4." 
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Missions to 
the Moon 






A timeline of exploration and discovery 
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Saturn V 


Launch Escape System 
The original system to guide 
the command module to 
safety in the event of a launch 
failure consisted of a solid fuel 
ele ae eee ele ee) ee 
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The command module could carry three 
ee ee Ree ey ne 
VEC em carel |e) het eee pied a 
of little more than a hose, leading to 

a vent on the side of the craft and the 
much-hated Apollo bags. 


Apollo lunar module 

At around half the mass of the 
command module, the Apollo 
lunar module could carry a crew 
of two, with enough electrical 

je) fe) 4a ele) ime eee) a= eee | 
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Payload to LEO 


18,000kg} Up to 
» 130,000kg 













S-IVB third stage 
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Py Ale mee ay seem eles 
hydrogen, was used to blast the 
rocket into orbit and then to 
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S-Il second stage 

A further five Rocketdyne 
APP aie 8) 
accelerate Apollo and its 
crew through the upper 
atmosphere, this time 
powered by liquid oxygen 
and liquid hydrogen. 





S-IC first stage 

In order to lift the weight 
of human astronauts 
and their life-support 
resi tte 
had kerosene-fuelled 
Rocketdyne F-1 engines, 
with a lift capability of 
118 metric tons. 


SLS 


Launch Abort System 

In case of emergency at launch, Orion 

is equipped with a three-rocket launch 
ite) 01 eh) Cece) 
moves the module clear of the launch 
pad, the altitude control motor takes 
care of stability and the jettison motor 
detaches the LAS from the crew module, 
s0 a parachute can be deployed. 





Orion command module 

With lim? (388ft?) of space, the Orion 
command module has 50 per cent more 
volume than Apollo and can carry up to 
Shae) melee) | imeem elel cee 


Morpheus lander 
NASA's Morpheus lander will 
be capable of carrying up to 
500kg (1,100Ilb) of cargo to 
Elem Cee Oe eee ee 


Ge) cB} = 

The main thrust comes from 
four liquid oxygen and liquid 
hydrogen-fuelled RS-25D/E 
aye ele ree 

hey ea) d ie -te me) ele mega oe 


ele) [(e mmole cei 
boosters 

a meee) 
minutes, rocket boosters 
will provide extra thrust. 
ieee eee 

will carry modified 
Space Shuttle boosters, 
enabling the SLS to lift 
around 70 tons. 


Block Il 
configuration 

A more-powerful 
Block Il configuration 
of the SLS will be able 
to lift up to 130 tons, 
12 tons more than 
user 
ee eas 
sieleja=) mela) sae ele)y 
to develop the 
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extracting water. NASAS Lunar Reconnaissance 
Orbiter (LRO) found hydrogen in impact sites, while 
the Lunar Crater Observation and Sensing Satellite 
(LCROSS) mission in 2009 detected water ice and 
water vapour in the craters. 

Not only could helium-3 be used as a source of 
water, but it could also be split into its component 
parts - hydrogen and oxygen - for fuel and air 
supplies for astronauts. Water is heavy, so launching 
large quantities into space is costly, but this precious 
resource could serve as a refuelling station in space. 

Rocks on the surface could also provide a valuable 
source of construction materials, either for return to 
Earth, or for building in space. Much like transporting 
water, moving materials into space would require 
powerful rockets. The lunar surface contains silicon, 
aluminium and titanium, plus many rare metals - 
some of the raw materials required to make solar 
panels. It's even been proposed that the Moon could 
be converted into a solar farm to harness energy. 

China's ambitious Chang’e programme saw the 
first soft landing on the surface of the Moon since 
1976, and has an ultimate goal of setting up a lunar 
base and exploiting its natural resources. The Chang’e 
3 lander delivered the Yutu (Jade Rabbit’) rover to the 
surface of the Moon in 2013. It carries a spectrometer, 
along with a ground-penetrating radar, which 
together are being used to measure the structure 
and depth of the lunar soil, alongside identifying the 
locations of potential resources. A follow-up mission 

Change 5 - is scheduled to launch in 2017, with the 
intention of bringing two kilograms (4.4 pounds) of 
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the Moon 


® Processing 
Raw rock would be processed | 
Speen nema 
SMU Us Mee eee eee ma 
Moon back to Earth. 


sine la eee 
contains helium-3, 
WE Cel mae elke 
valuable metals, 
all of which could 
be extracted from 
the rocks. 


lunar rock home for study. The Luna-Grunt missions, 
headed by the Russian Federal Space Agency, 
meanwhile, due to launch in 2020 and 2021, will also 
bring Moon rock samples back to Earth. 


Maps of the lunar surface and detailed information 


about rock composition gathered by government- 
funded projects, as well as private ventures, could 


“Rocks on the surface could also 
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The Moon could provide an intermediate 
testing ground for technology destined 
to take humanity deeper into space 





pave the way for a lunar base. Energy derived from 

solar arrays or helium-3 fusion could be used to 

charge as well as refuel spacecraft using hydrogen 

and oxygen obtained from lunar water. Astronauts 

could also replenish supplies of oxygen and water. 
Establishing such an outpost is a goal shared 

by private companies and some national space 


rovide 


a source of construction materials for 


building in space" 


® Cargo transport 
Vertical takeoff and landing 
WU) a) a=W meen) aT el eb 
lander, could be used to 
deliver cargo to mining 
e)el-r Me) eepmanlem ules) ap 
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Helium-3 is a light isotope of helium, with one 
less neutron than the more-common helium-4. 
The resource is produced in the Sun and 
transmitted through space alongside solar wind. 
It's rare on Earth because we are shielded by 
the magnetosphere (only about 15 tons exist on 
the entire planet), but the Moon has no such 
protection, so lunar rock is thought to contain 
between 1 and 5 million tons. 

Helium-3 could potentially be used in two 
types of nuclear fusion reaction: the first with 
deuterium to produce helium and a proton; 
the second with itself to form helium and two 
protons. These protons could be used to make 
clean energy using an electromagnetic field, with 
the reaction producing no dangerous neutrons or 
radioactive waste. 

The technology to do this hasn't yet been 
developed, however, and although helium-3 fusion 
has been achieved on Earth, it has yet to produce 
appreciable amounts of energy. It's estimated that 
with a development budget of around £8.9 billion 
($15 billion), a reactor could be developed and a 
mining operation could begin on the Moon. 

The concentration of helium-3, although higher 
than on Earth, still isn't huge, so large amounts 
of rock would need to be excavated in order to 
extract the material. This process itself would be 
relatively simple, as the rocks could be heated 
to liberate trapped gases, which could then be 
separated out. A single shuttle full of helium-3 
could power a big city for an entire year. 








[he probes, landers and : 
rovers of future missions” 


*Not to scale 


Date: 2015 2 

Following on from the success of the 

Change 3 mission, Change 4 will launch in 
2015. China's second lunar lander and rover 
combination will be used to test equipment 
In preparation for Change 5 in 2017 - China's 
first lunar sample-return mission. The lander 
will use a suite of on-board cameras and 
analytical equipment to select a dig site, before 
retrieving samples from up to two metres (6.6 
feet) below the surface. The samples will then 
be returned to a waiting orbiter, before being 
transported back to Earth for analysis. 


agencies, including China, but another major hurdle 
to overcome is sending humans back to the Moon. 
NASA has developed a modern heavy-lift rocket and 
manned spacecraft to replace the original Saturn V 
and Apollo, but has abandoned all plans for another 
manned mission to the Moon, in favour of projects 
to take human crew to the surface of an asteroid and 
eventually to Mars. 

At this point the longest a human has ever spent 
on the surface of another world is three days. In 
order to send a worthwhile manned mission to 
Mars, this timeframe will need to be extended to 
weeks, if not months. Not only does equipment 
need to be developed and tested, but biological and 
psychological factors also need to be taken into 
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Near side 


©@ Luna-Glob 


Date: 2016-20217 
The Russian Federal Space Agency's Luna-Glob mission is a 
three-stage, unmanned.Moon-exploration programme. The 
first mission, Luna*Glab J, will orbit the Moon, using.ground- 
penetrating sensors to probe the surface for signals of seismic 
activity. The second, Lund-Glob 2, will deploy a polar Moon 
Coe icles ee) MT Mee ates Mele mal el 
stage sample-return mission, with the first launch delivering a 
collection rover and the second handling ascent from the lunar 
surfacé, returning up to a kilogram (2.2’pounds) of samples. 


account. Experimentation can be done on Earth, 
such as the I/-month simulated mission to Mars 
carried out in Russia in 2013 to study the effects of a 


manned Mars mission on the human body. However, 


the more manned missions that go to the Moon, the 
more information we will have to guide us when 
planning missions to Mars and beyond. 

The Moon is also a potential location for an 
extraterrestrial scientific base. The Solar System is 
bathed in radiation signals released just after the Big 
Bang. Before the first stars, neutral hydrogen gas was 
distributed evenly across the universe. Small pockets 
of increased density went on to form the seeds of 
stars and the UV light they would make ionised the 
remaining hydrogen, stripping it away. 










Date: TBC . 


NASA's Morpheus lander is a vertical 

eel Celebs em vatelbe mi asetcal mela) lae tae! 

to deliver cargo to the Moon, asteroids 
and eventually other planets. It uses 
FIRMED e Comm alee 
tegrated hazard-avoidance technology 
to navigate to a safe landing site. This 
Teusable rocket-powered craft is fuelled 
by clean cryogenic propellants - liquid 
eb Q OM Uee Mm ICeL NTO MON delete ele) enT 

of which are low-cost and easy to 
Oca Owe e ete mull melo le omc 
transport 500 kilograms (1,100 pounds) 
of cargo to and from the Moon. 


Radiation signals from this hydrogen still reach 
Earth today, enabling us to look back in time. 
However, because of red-shift, by the time the signals 
get here, they are in the low-frequency radio range 
and our own telecommunications interfere with the 
slenal. By setting up an array of radio telescopes 
on the far side of the Moon, research teams like the 
Lunar University Network for Astrophysics Research 
(LUNAR) hope to bypass this interference. 

The major challenge is developing a telescope 
array light enough to launch to the Moon and simple 
enough to be deployed by a robot. By printing dipoles 
onto flexible polyimide film, a rover similar to NASA‘s 
Curiosity could be used to unroll the array across the 
surface of the Moon. 
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Be C-rO POPs 


There is a position in space, 6n the far side of the*Moon 
known as the Earth-Moon L2 Lagrange point. The combined 
gravitational effect of the Earth and the Moon at this point 
enables spacecraft to orbit over one spot. The developers of 
the Orion spacecraft are proposing.a far-side mission, placing 
an orbiter at the L2 point and enabling astronauts to remotely 


control rovers on the surface. of the Moon. 


Date: TBC 


On Earth radio telescopes have to contend with interference from radar, 
orbiting satellites and other telecommunications equipment. The far side 
of the Moon, on the other hand, is shielded from Earth-based radio signals 
and as a result is radio quiet. Consequently, several teams are working on 
developing a radio telescope array for the far side of the Moon. 

Dipole antennas printed onto the surface of flexible plastic could be 
launched into space using the heavy SLS rocket and deployed remotely 
using a rover similar to NASA’s Curiosity. An orbiting communication 
satellite would be required to relay data back to Earth and the array would 
also have to contend with extreme temperatures and bombardment from 


EEOC OMe) ela a elee 


“The major challenge is developing a 
telescope array light enough to launch 
to the Moon and simple enough to be 


deployed by a robot” 


In preparation for such a project, the Dark Ages 


Radio Explorer (DARE) project, an orbiter proposed 
for launch in 2016, will enter low-inclination orbit 
around the Moon in order to gather radio data from 
the quiet zone. This orbiter will be followed in 2018 
by a private collaboration between the not-for-profit 
International Lunar Observatory Association (ILOA), 
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and space courier Moon Express, which intends to 
place a two-metre (6.6-foot) radio antenna at the 
lunar South Pole. This location is less well-shielded 
from radio interference, but offers a direct line of 
sight back to Earth for communication and could be 
a Major stepping-stone towards setting up a scientific 
station on the lunar surface. 
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Return to the Moon 
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A lunar base might seem like a far-off dream, 
but the involvement of private enterprise could 
drastically reduce setup costs, particularly as more 
innovative technologies are developed. Lunar 
tourism could eventually be used to offset the cost 
of transporting materials to and from the Moon, with 
equipment tagged onto commercial space flights. 
NASA's new Lunar CATALYST project hopes to team 
up with commercial interests, developing a lunar 
lander that could be used both to deliver commercial 
payloads to the Moon and aid scientific endeavours. 

Returning to the Moon is another small step. All of 
the technology is already there, but the potential leap 
that it would enable us to make in terms of gaining a 
foothold off Earth could be huge. @ 
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Return to the Moon 


The Google Lunar XPRIZE aims to encourage 
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Andrew Barton, director of technical operations for the 
Google Lunar XPRIZE, on the future of lunar exploration 


What are the potential benefits of 
returning to the Moon? 

Toman wlan coe 
aC N LS) Gleme Ete (epee ele) emda omy Celene 
eotem Oc adv etre Men time) meme ete 
System that can only be answered 

by sending instruments to the lunar 
surface. Despite being lifeless, the 
Moon might hold scientific secrets 
that can help answer questions 

about the origin of life. In the longer 
term the minerals and resources on 
the Moon could be used to support 
astronauts in space, satellites in orbit 
FORUM Tee Oa ICON Osi a eens 
of the defining characteristics of the 
human species is a never-ending drive 
to expand our horizons, to explore 
and to learn. The Moon is a continent- 
sized area begging to be explored 

FIG ONS e lee bee meee deh 

Or Nr OO) RL OCO) OMA / iC tN eM) Olan lem [eet 
its surface, there will be countless 
people wanting to go and see what 
they can do there. 


Mdm lem sees ee Bale le cate 
for travel farther into space? 
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Orc e-jNCeN Mase e emer lee! 
LEMS OMe mmc nena 
form of ice that's frozen inside 
permanently shadowed craters near 
Ait ele) me) Mn mC mee ele 
oe smel-w-it(a an eT aoe ecm 
would be an ideal rocket fuel to power 
ships exploring the Moon or other 

el GE Lee m Nm e ele) elm i 00e 
PECL A le eee cea ei Cohy 
20 times deeper than the Moon's; 
WIEL@ OSAP lee emcee mae 
located in the vicinity of the Moon is 
EIS CMC Geer Nm aimee onl 
amount on Earth. 


What are the major technical 
eo we Mom Bietiieoe| 
missions to the Moon? 

Sending humans to the Moon 
eee WUE h om bee Jae einem aU oer 
with modern technology. The 

list of challenges includes life 


support systems, water, food, 
sanitation, radiation, medical needs, 
communications - the list goes on. All 
of the equipment and consumables 
ceehi Cem cemelemanlel mantis mie cen = 
launched from Earth and transported 
to the Moon. Weight is at an absolute 
premium when transporting things to 
the lunar surface, so there’s a strong 
GoM Vom Cem tll eam dem ieee) mel mantel 
SAINT OUI Oem elle B Meee rm Lele 


run the risk of catastrophic equipment 


failures or running out of critical 
supplies. Balancing all those needs 
Caeiiioee Oe Me mi aer em ull Elice 
need a lot of new technologies. 


What future do you see for the 
Moon? Is a lunar base likely? 

Just like the exploration programme 
ie Veladee me eee elas) 
Smee Remi melee meet iCls 
the technical challenges of the Google 


Lunar XPRIZE are overcome, small 
lunar landers will be available as a 
eM A eke Ome Tce Leia) etn 
to the Moon. The stage will then 

be set for an incremental growth 

in the size of those lunar landers. 
SITPPLUT baler Mmm Gees ieee) melt eee 
SCe)e Or ladte--ittg reel) melee) en 

jee etm eeu eNom) Erle 
manage to make a fleet of reusable 
rockets. Lunar bases will most likely 
be established once the transportation 
systems are developed far enough 
to provide safe and affordable access 
to the surface for astronauts and 
sufficiently large cargo to support 
dtm iem en ace 


Ee eR ii mek: 
UT ROE L mle B Aral 
exploration of the Moon? 

In the Apollo era private companies 
helped explore the Moon by 
undertaking government contracts. 
Today companies are starting to 

use private risk capital to finance 

the development of Google Lunar 
XPRIZE missions and other advanced 
space projects. In the future, private 
companies will play an even more 
important role as financiers, operators 
of transportation and other services 
needed to explore the Moon. 
Cea ele ml Mee nen NLt emcee) rhe 
role, but over time their role will be 
less of a financial one and more of a 
regulatory one. @ 


“Sending humans to the Moon is a massive 
undertaking, even with modern technology 
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World's largest solar telescope 


S largest 
lescope 


In Kitt Peak, Arizona, lies one of the most amazing 
telescopes in the world and also the largest solar 
AORUONeLMO Ome me) ele ee ele ce 
Solar Telescope is a rather odd-looking facility 
that towers 30 metres (100 feet) high, with a 
diagonal shaft stretching 60 metres (200 feet) 
used to make detailed observations of the Sun. 
OU rm eeteria MONT OCeMe)Mant-MC(o-ee)el etl em mAs) 
metres (5.2 feet) wide, is located underground at 
the end of the shaft through which light travels. 
OWit-eieattea tice Bele mele minh le Patna en a 
WOME EMeO SET hme Ome em Om lett 
on the Sun, such as sunspots, in exceptional 
detail. Its many discoveries include the detection 
of water and isotopic helium in the Sun and 

the first high-resolution images down to just 1.6 
microns. To make uninterrupted observations, 
the huge structure is able to withstand winds of 
40 kilometres (25 miles) an hour without moving 
more than 0.4 millimetres (1/60th of an inch). @ 
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Telescope is the largest of its 
kind in the world 


Inside the diagonal shaft of the huge 
McMath-Pierce Solar Telescope 
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HE SOLAR SYSTEM 


How well do we really know our Solar System? Some 
experts think there are other worlds that could be - or 
have been - lurking.in the shadows, but where are they? 
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beyond the eight planets of our Solar System, but 
what if someone told you that there could be celestial 
objects quite a few light years closer? These are 


ASME erm eh mee meme) ee) 


Sh (time MUO eae yet emer ame man eT MmA ELE 
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Granted, we seem to have the basic layout of our 
Solar System pegged. Four terrestrial planets are cut 
off from the monstrous outer objects by the Asteroid 
STL UO APM TeON meV hee om om ee NT RAO is 
of the Kuiper Belt. Our neighbourhood is further 
encased by the Oort Cloud, a spherical form that's 
chock-a-block with comets. With this in mind, the 


.mere suggestion of hidden planets seems a bit far- 


fetched. After all, we would surely have found them 
ey re) Neer eln manny tg 

‘(1M el eir lew nle Mem On cee Ole) nn melee 
SHEA COLUM UIM ONC ere) epee) Cnn AN Meehan 
astronomers flummoxed. While some planets 
may have existed long ago in the past and were 
lost to some unforgiving force aeons ago, traces 
RUS e eit ene etme) Ts 
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Heavy Bombardment period - could all be down to 
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detom OL O Le ete mem eels emer Lm nlem ebm aria er Le 
happening right now in the Solar System could be 
down to some world - invisible to us - having fun 
and games with other objects in the astronomical 
local vicinity, revealing tantalising clues to its 
existence in the process. . 

[t was during the 1850s that the first of need 
elusive planets, later named Vulcan, was thought to 
EV e tl ste ee dc eM Bi RN eas) MeN CB eee lia 
was postulated by French mathematician Urbain 
FA e eee ele e ee) Map mele omiau ce Matar ss 
the orbit of innermost planet Mercury. He found 
that, from observation, the planet's orbit differed 
by around 43 arcseconds every century compared 
ULE mem ec eb eC eme) es erro: Denia ir lite 
of Johannes Kepler and Isaac Newton. The orbit 
TEM ete ieee Oe mee) ered mete mee) g i 
undetected world located between Mercury and the 
Sun was to blame. 

In 1859 Le Verrier received a letter from an 
PLENUM LGCe NCU melee me Maem e ete eat 
seemed to be causing some fuss among many 
observers, had been found. An amateur, Edmond 
Lescarbault had been using his four-inch refractor 
when he noticed a small black dot moving across 
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Hidden planets 


the face of the Sun. Having witnessed Mercury 
move across our star previously in 1845, Lescarbault 
suspected that what he had witnessed was a new 
body: the fabled Vulcan. 

Satisfied that Lescarbault had detected the inner 
planet, Le Verrier made an announcement of its 
discovery in 1860. Other astronomers, unconvinced, 
questioned the existence of Vulcan but Le Verrier 
wasnit to be swayed and died in 1877 certain to the 
end that Vulcan had been found. It wasn't until some 
time later that general relativity was ultimately able 
to explain the changes in Mercury's orbit that had 
originally been attributed to the mystery planet. 

To this day, no planet has been found in Vulcan's 
position. “It is true that a planet could orbit the 
Sun closer than Mercury and remain stable,” 
says astronomer John Chambers at the Carnegie 
Institution's Department of Terrestrial Magnetism. 
“However, it would have to be at least the size of a 
large asteroid, otherwise the effect of solar radiation 
on its orbit would cause it either to collide with 
Mercury or the Sun within the lifetime of the Solar 
System. | think observations have ruled out the 
existence of anything this large.” 

Yet the hunt still continues - not for a planet 
called Vulcan, but for much smaller bodies named 
Vulcanoids, thought to exist between Mercury and 
the Sun. These would appear in the form of asteroids 
dancing in a band around our star. 

A team hunting for such objects includes 
Andrew Steffi, Dan Durda and Alan Stern (the 
principal investigator of the New Horizons mission 
currently on the way to Pluto), who have searched 
for Vulcanoids using the help of NASA's STEREO 
Heliospheric Imager satellites. This trio of spacecraft 
scrutinises solar eruptions spreading into space. 
However the satellites have yet to find any sign of 
Vulcanoids. “By measuring how efficient we were at 
detecting fake objects, we can say that if there were 
a Vulcanoid larger than six kilometres (3.7 miles) 
across, there is a 99.7 per cent chance we would have 
found it,” Steffi explains. “There are low odds of being 
any Vulcanoid larger than this. Our ability to detect 
objects smaller than that is limited, for the simple 
reason that smaller objects reflect less sunlight and 
therefore appear fainter.” 

Regardless, there is a small chance that Vulcanoids 
could still be lurking. While Steffi's team trawled 
through large amounts of data, David Vokrouhlicky, 
a professor of astrophysics at Charles University's 
Astronomical Institute in Prague, has taken a more 
theoretical approach in the hunt for these chunks of 
rock on the doorstep of our Sun. "There was some 
nice work done by Vokrouhlicky and his colleagues, 
showing that any Vulcanoids smaller than about one 
kilometre (0.6 miles) would get pushed out of their 
stable orbits by radiation pressure from the Sun," adds 
Steffi. “So there is this really narrow window where 
potential Vulcanoids could be big enough to remain 
on stable orbits for 4.5 billion years, but still be too 
small for us to detect them.” 

That's not to say that Steffi hasn't made some 
guesses of his own about the Vulcanoids. He and 
his team think that any potential orbits of these 
chunks of rock would end up crossing, causing them 
to smash into one another like bumper cars in a 
fairground ride. “Since they're so close to the Sun, the 
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Did a Mars-sized world 
ieee ee eRe ter 
Earth to make our Moon? 


relative velocities between two Vulcanoids would be 
roughly 10-20 kilometres (6.2-12.4 miles) per second 
and a collision would either break them up or, at 
least, knock off a bunch of fragments. Each fragment 
would now be on Vulcanoid-crossing orbits and 
could hit other members, knocking off more bits,” 
Steffi says. This process, called collisional erosion, 
can whittle down a population of kilometre-sized or 
larger objects into smaller pieces in a billion years 
or less. “It's not too dissimilar to what happened in 
the movie Gravity, where a bunch of high-velocity 
debris on crossing orbits reduces the larger orbits [of 
satellites] to fragments.” 

The Vulcanoids would shrink to such a size that 
their orbits are modified by the Sun's radiation, 
directing them on a collision course with Mercury 
or planetary neighbour Venus, or even throwing 
them into the fiery heat of the Sun where they would 
evaporate. With no obvious clues for their existence, 
Steffi is left feeling somewhat sceptical. “I think it's 
more likely that Vulcanoids simply don't exist today, 
if they ever existed at all,” he says almost resignedly. 

Jack Lissauer, a co-investigator on the exoplanet 
mission Kepler at NASA's Ames Research Center, is 
a bit more hopeful. He thinks that the Vulcanoids 
are very likely to have been part and parcel of the 
younger Solar System. “Some tiny Vulcanoids that 
formed from the burnt-out remains of comets may 
even exist today,” he says. 

When it comes to speculating about other 
worlds that could be or could have been knocking 
around our neighbourhood, Lissauer likes to stay 
quite open-minded. After all, alongside the SETI 
Institute's Mark Showalter, he discovered two of 
Uranus’ moons: Mab and Cupid. What's more, he 








If they exist, it’s said that the Vulcanoids - a population 
of asteroids inside the orbit of Mercury - could easily 
avoid being detected due to their small size 


“Vulcanoids could 
be big enough to 
remain on stable 
orbits for 4.5 billion 
years, but still be 
too small for us 
to detect them" 
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thinks that a fifth terrestrial world similar to our geile invisible 


inner planets could once have orbited between 


Mars and the Asteroid Belt. created with the other Solar ECS Hl 


terrestrial planets during the planet-forming era. This 
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was rife with unbearable heat and intense volcanic 
activity, beginning with its formation some 4.5 billion Distance from Sun: 1.85AU 
Viass: 0.25 Mars masses 


years ago. “The LHB is an event in the history of the 
Solar System responsible for most of the craters and Typ e: Ro cky planet 
Status: Ejected 





impact basins we see today on the Moon, Mars and 
Mercury,” explains Chambers, who is also in favour 
of the idea of a Planet V. Alongside Lissauer, he came 
up with the idea of this extra planet. “The mystery of 
the LHB is that it happened about half a billion years 
after the planets finished forming, so something 
must have changed in the Solar System at that time nC 
In order to cause all those impacts.” 0.11 Earth masses 

Both Chambers and Lissauer warn that the idea of Rocky planet 
a Planet V is highly speculative and for now remains | Outermost 
unproven. However, Chambers relates a story to All ecleeciagh| me) lates 
About Space that chronicles this past world’s possible : 
life in our Solar System. “An extra planet located | 
between Mars and the Asteroid Belt could remain | ' . ee a 
there for hundreds of mull ions of yea . before its ore AE Pa 
became unstable and it either fell into the Sun or was -. 0.82 
thrown out by Jupiter's gravity,” he says. “For the final | Sanh ecee 
portion of its lifetime, this extra planet would have : tela a] 
had an orbit crossing the Asteroid Belt and its gravity planet 
may have nudged many asteroids out of the belt onto Gi fetter 
orbits. Here they eventually collided with the Moon planet to Earth 
or one of the planets, creating the LHB- 

The large number of craters that pepper the rocky 
worlds of our Solar System are still being probed by 
astronomers across the entire scientific community. 
Another idea for the so-called LHB brought forward 
by an independent group of researchers who met at =] ety 
Nice Observatory, in France, is aptly named the Nice | Uae 
model. In this scenario the orbits of the younger 3.9 trillion trillion kg 
outer planets altered slowly over time as the gravity . ihe Ala 
of the gas giants steadily removed many asteroids alae ahedae laa 
from the Kuiper Belt out beyond the orbit of Neptune. . ae be - 

sags 7 s 7 ie te Nee Elis 
"Shortly before the time of the LHB, the orbits of 
Jupiter and Saturn entered a temporarily unstable , Tre ta 
configuration called a resonance. Probably Jupiter Distance from Sun: 1AU 
was orbiting the Sun exactly three times for every 0.39AU a Vass: Similar to Mars 
two orbits of Saturn,” says Chambers of the Nice | " hoetaae Type: Rocky protoplanet 
Seen Status: Destroyed in 


model. “For a few million years the orbits of Jupiter, at 
Satum. Ur: sand Ne » changed dramatically eS | : " 
Satum, Uranus and Neptune changed dramatically ope creation of Earth's Moon 


and their gravity flung asteroids out of both the 
Asteroid and Kuiper Belts, some of which hit the 
Moon and inner planets.” 

Of course, at present, we're not fully sure of which 
theory - the Nice model or that of Chambers and | 
Lissauer - is correct. While it hasn't escaped the Vulcanoids 
notice of Chambers that both could be wrong, he 0.06-0.21AU 
states that many researchers seem to favour the Asteroid Belt 
Nice model. Either way, there seems to be a general | elite 
consensus that chunks of space rock have somehow 
been thrown wildly across the Solar System, crashing 
into anything and everything in their path - leaving 
their legacy for astronomers to find. 

Fortunately for Chambers and Lissauer, academics 
like Alessandro Morbidelli (among those who 
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Nemesis 
95,000AU 
0.0075-0.5 times mass of Sun 
Brown dwarf or red dwarf 
Undetected 
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The Nice mode 


Named after the city where it was initially 
developed, the Nice model describes what we 
understand to be the dynamic evolution of our 
Solar System. The theory states that the giant 
planets broke free from an initially compact 
configuration into their current positions. 





Young planetary orbits 

After the dissipation of the gas and dust of the 
solar System's primordial disc, Jupiter, Saturn, 
Uranus and Neptune could be found on a nearly 
circular orbit somewhere between 5.5 and 17AU. 





Causing complete chaos 

After a slow migration, Jupiter and Saturn cause 
a regular and periodic gravitational influence 
on each other, causing eccentric orbits, which 
destabilises the Solar System entirely. 





A shower of planetesimals 

Neptune and Uranus hit the planetesimal, 
scattering rocks from their orbits to the outer 
reaches, removing nearly all the primordial disc's 
mass that batters the inner planets. 
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"After Earth formed, a protoplanet called 


Theia smashed into our planet, ripping 
off a large chunk of our world's mantle" 


originally suggested the Nice model) and Ramon 
Brasser have been giving Planet V's existence some 
careful thought. The duo calculated that for Planet 
V to create the force of the LHB it would need to 
have cast out a good 95 per cent of the Asteroid Belt 
during this era in the Solar System - or a whopping 
98 per cent of the inner portion of this same belt. 

Running computer simulation after computer 
simulation, the astronomers could see that Planet 
V would have been ejected some 400 million years 
after the formation of the Solar System and would 
have had a mass of around a quarter of Mars. “I 
think they are basically right,” Chambers admits. 
“It's almost certainly true that the Asteroid Belt once 
contained much more mass than it does today.” 

Looking around our Solar System, you'll find 
that the current total mass of asteroids is tiny, at 
around two-thousandths that of Earth's. “Models for 
the formation of the Solar System all agree there 
was a lot more stuff there when the planets began 
forming,” Chambers says. “There are numerous ideas 
for how the Asteroid Belt lost most of its original 
material - mostly these ideas involve Jupiter throwing 
its Weight around in one way or another, so that its 
gravity removed objects from the Asteroid Belt.” In 
the light of these theoretical models, the idea that 
the Asteroid Belt lost a lot of material due to the 
existence of a so-called Planet V isn't a huge stretch 
of the imagination. 

There is a Variation on the Planet V hypothesis, 
which proposes that it was another ice giant, such as 
Neptune, nestled quite comfortably between ringed 
planets Saturn and Uranus. “This planet could have 
orbited between Saturn and Uranus, while Neptune 
could have orbited closer to the Sun than Uranus 
prior to the LHB," speculates Lissauer. This fifth giant 


planet is likely to have been thrown to its doom by 
being catapulted out of the Solar System following 
a gravitational encounter with neighbouring Saturn 
and Jupiter, in the so-called Jumping Jupiter scenario. 
Here Jupiter jumps due to gravitational interactions 
with Uranus or Neptune, before throwing out another 
planet (a fifth world) that's been left out in the cold. 

The Southwest Research Institute's David 
Nesvorny thinks that the jumbling of planets could 
have scattered many small bodies, pushing some 
inwards and others outwards, with some ending 
up in the Kuiper Belt. Others are likely to have 
smashed into the terrestrial planets and the Moon. 
"Researchers have simulated the orbital evolution of 
hypothetical objects between the orbits of the outer 
planets using computers. In most cases these orbits 
are so unstable that the objects are removed in less 
than a billion years," says Chambers. “I believe one 
study found a slim chance that something could 
survive between Saturn and Uranus for the age of the 
Solar System, but it would have to be no more than 
a few hundred kilometres in diameter, otherwise it 
would have been seen by now." 

The impacts of comets during the LHB are 
separate events to one of the biggest collisions of all 
that's thought to have created our Moon. Scientists 
believe that shortly after Earth formed, a protoplanet 
called Theia smashed into our planet, ripping off a 
large chunk of our world’s mantle, which went into 
forming the Moon. Theia, which was around the size 
of Mars, was totally destroyed. The early Solar System 
was swarming with bodies like Theia, some of which 
crashed into planets like this young world did, while 
others were ejected into the Oort Cloud or beyond. 

While an extra planet may hold the answer to 
the LHB, comets continue to periodically impact the 
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inner planets. One astronomer in particular thought 
there was an unusual regularity to this deadly influx 
of space snowballs, revealed in the period between 
mass extinctions on Earth, when it was implied these 
collisions wiped out many species on our planet. In 
1984 American professor of physics Richard Muller 
suggested that a companion to the Sun - either a 
brown or red dwarf called Nemesis - lurked beyond 
the comet-packed Oort Cloud at a distance of around 
1.5 light years. This body perturbed the comets in 
the Oort Cloud as it orbited every 26 million years, 
causing a wave of comets to come crashing through 
the Solar System. Looking back at geological records, 
Muller believed that Nemesis would explain a cycle 
of mass extinctions, snuffing out swathes of life on 
our planet, which seems to occur at regular intervals 
- roughly every 26 million years. 

Several research teams agree there is no denying 
the pattern here. However, just what form Nemesis 
takes isn't agreed by all parties. David Whitmire and 
Albert Jackson believe that Nemesis is a failed star - a 
brown dwarf that stalks the outer edges of the Solar 
System. Muller, on the other hand, argues that this 
object is likely to be a red dwarf star, glowing at an 
apparent magnitude of somewhere between 7 and 12 
from our position on Earth. "Red dwarfs are far more 
common,” Muller explains. “] suspect [Whitmire and 
Jackson] mistakenly believed that a red dwarf would 
have been seen and so were forced to assume a far 
fainter brown dwarf." 

Either way, Nemesis would shine brightly in 
Infrared light. WISE - NASA's Wide-field Infrared 
Survey Explorer - carefully scanned the sky 
searching for, among other things, a companion 
Star to the Sun, but the mission's reels of data have 
turned up nothing. Scientists have now ruled out any 
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Jupiter-sized planets out to 26,000 times the distance 
of Earth from the Sun and any Saturn-sized bodies 
out to 10,000 times that distance in the Oort Cloud. 
Even Muller accepts it isn't looking good for the 
hypothetical stellar companion. "Maybe it isn't there,” 
he says. “I think the WISE measurements were pretty 
thorough... Calculations show that Nemesis must be 
orbiting in the plane of the galaxy, otherwise its orbit 
would be unstable. I don't know if WISE was able 
to do a thorough job in the plane of the galaxy, so it 
could be hiding there.” 

The results from WISE also pose similar problems 


for a theory suggested by a group led by John Matese, 


who proposed the presence of a gas giant in the Oort 
Cloud to explain the similarities between the points 
of origin of long-period comets. They called this 
unseen planet Tyche, but you might have heard it 
being referred to as ‘Planet X’. 

“WISE’s observations have indeed ruled out the 
POsseny of a planet at the large mass end of the 
range that we suggested was possible,” explains 
Matese, claiming there is a loophole that could still 
allow Tyche to exist. “It's not clear that WISE can rule 
out the existence of a planet at the low mass end, 
around one or two times the mass of Jupiter, at the 
distances suggested. | admit that most of the possible 
scenarios that we allowed for have been precluded. 

So, both Muller and Matese hold out only slim 
hope for their respective unseen objects, but if 
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Nemesis and Tyche don't exist, it doesn’t mean that 
the Oort Cloud and Kuiper Belt are empty of large 
objects. Four dwarf planets - Pluto, Eris, Makemake 
and Haumea - aré known to exist out there and now 
a fifth dwarf in the outer Solar System has been 
found, currently referred to as 2012 VP113. 

This new world, found by the Dark Energy Camera 
(DECam) on the NOAO four-metre (13-foot) telescope 
in Chile, is the most distant object uncovered so 
far, reaching hundreds of times farther from the 
Sun than Earth. According to its discoverers, Scott 
Sheppard of Carnegie Institution and Chad Trujillo 
of Gemini Observatory, the similarity of its orbit to 
other distant world residents of the Kuiper Belt and 
inner Oort Cloud suggest that something is pushing 
these bodies into these orbits. That something could 
be a lost world up to ten times the mass of Earth 
another hidden planet for scientists to unmask. 

Many astronomers predict that dozens or even 
hundreds of planets could be found in the Oort 
Cloud. Some may be ejected there by interactions 
with other bodies, while others may have been flung 
so far out, having wandered so many light years | | 
in distance, that they've been captured by another -_ | 7 
star as an exoplanet. With high-tech observatories | | | 
scanning inside and outside our Solar System, it 


might only be a matter of time before what Was Richard Muller suggested that our Sun has a companion 
Once d hidden planet reveals itself dS an additional red dwart star called Nemesis which has caused mass 
member of our Solar System. @ extinctions on our planet every 26 million years 









Bessa 
The device itself comprises a 
41cm (16in) telescope along 
with four infrared detectors 
containing a million pixels each. 
The telescope is kept cold with | 
the help of frozen hydrogen to “ 
Sue e) see eee ieee + 


wel 
Ste REC ace lao : 
sided spacecraft bus that houses : 
all of the computers, electronics, : 
ayaa een eee tle ne 
eae(0 eae cen ¢-t eM dg Relea lone) 
operating and oriented in space. 


WWW.spaceanswers.com 





UK Astro Show Ltd 
Are proud to present 


| THE 








re, a & ort 4 Oe Et 5 Ju Tree 

Picker Maal 
| “ne kshire GV31 xu 
ca 









£7 Cees ea 


SOO leet oe ” 2 
wit 50 HTS Reel eS 


See.our website oe ee vice 


o 
=: 





Fit us oa en he renee 


BTA Aue yet Ree a 


favor 


[AS 2014 Advertising Partnership a | 


* £7.50 live or on the day 
& — . 


















Future Tech Robot ape 


SE) Fle 


A combination of 
Fleas) (c]ee)ui (icc eee lace 
gyroscopes ensure 

the ape can remain 
balanced while walking 
Fey es 


Centre of mass 
Shree) -Beee |e) meena las 
its centre of mass as 
EM ame lel gare 

50 that it can remain 
stable and upright. 


Power 


A self-contained 
aCe A sir) e) om aS 
robot to operate for 
extended periods in 
both light and darkness 
on the surface. 





— Spine 
The front and rear of the ape will be 
connected by an actuated spinal column, 
increasing the mobility of the robot. 
































































Sensors ! 

Up to 50 force-sensing , 

resistor (FSR) sensors CF. : 

etn (e) eine eta) a i e Versatile 

of the robo-ape can ee nC ea ee 

react and respond to ape-like robot will enable 

Wee ee it to traverse difficult 
er eee =) 
intemal ee 





aceanswers.com 


























WWw.spaceanswers.com 


f | 
a 4 ———_ 


 " ~~ 
a ‘ D . ; ov hy my ray 
i +, 1 i a 


; ’ P iif : 
= «€ a \ . nh ay) hii i 





Hurtling around the,Earth at thousands of kilometres per hour, out-of-control 


Space debris can have a devastating effect on anything that crosses its path 


It's perhaps the most electrifying sequence in the 
awe-inspiring blockbuster film Gravity - the moment 
a blizzard of incoming space debris travelling at 
CIO eee OR ROP eee 0B 
destroying both the International Space Station and 
an orbiting Space Shuttle, leaving two spacewalking 
astronauts adrift and fighting for their lives. 
Fortunately, though, it's the kind of thing that 
could only happen in a movie... or is it? While the 
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missile test on a defunct satellite, space scientists 
today are increasingly concerned that something 
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runaway cascade of collisions leaving large areas 
of near-Earth space dangerously inaccessible. If 
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Written by Giles Sparrow 


Ever since the launch of the first satellite, Sputnik 
1, back in 1957, humankind has been steadily filling 
up the space around Earth. Official figures put the 
number of satellites sent into orbit since the dawn of 
the Space Age at nearly 7,000 and there are probably 
a few unacknowledged ones lurking around from the 
eC ee eee eee ele 

While many of these objects have since re-entered 
Earth's atmosphere and burnt up - thanks to either 
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Deadly space junk 


The Jules Verne Automated 
Transfer Vehicle burnt up 
harmilessly over the Pacific Ocean 
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unstable initial orbits or the slight but inexorable drag 
of sparse gas in the upper atmosphere - an estimated 
2,000 are still circling Earth today. 

Given the sheer volume of space available around 
Earth, that might not seem like a large number, but 
there's a catch - satellites tend to cluster together in 
a much smaller number of particularly useful orbits. 
Low Earth Orbit (LEO), for example, is the zone just a 
couple of hundred kilometres above the surface that's 
most easily reached by manned spaceflight and also 
most useful for many Earth-observing satellites. 

Geostationary orbit, meanwhile, is a very specific 
circular orbit 35,786 kilometres (22,236 miles) above 
the equator, in which satellites orbit the Earth in the 
same period as the planet itself rotates (23 hours, 56 
minutes), therefore maintaining a fixed position in 
the sky as seen from Earth. The majority of weather 
satellites use this orbit, as well as telecommunications 
satellites that form such an essential part of the 
modern global infrastructure. 

What's more, launching anything into orbit is a 
messy business, so even if the lower stages of a rocket 
simply arc into space before plunging back to Earth, 
there's every chance they could leave more behind 
than their intended payloads. Explosive bolts fired to 
separate launch vehicle components and the ignition 
of further stages may shake loose chips of paint and 
even larger fragments of rocket casings, flinging them 
into their own unpredictable orbits around Earth. 
Another major problem is that spent rocket casings, 
languishing idly in orbit, can suffer from spontaneous 
yet hazardous explosions. 

Both NASA and the European Space Agency have 
programmes dedicated to tracking orbital debris 
NASA's Ground-based Electro-Optical Deep Space 
surveillance (GEODSS) project searches for material 


using an array of computerised optical telescopes and 
super-sensitive television cameras. The technology 
can only track objects of roughly ten centimetres 
(four inches) in diameter (with a mass typically 
around a kilogram, or 2.2 pounds), but GEODSS has 
so far identified 22,000 different objects in this 
class. Based on this figure, statistics suggest there 
could be as many as 500,000 objects in the one to 
ten-centimetre (0.4 to four-inch) range, plus tens of 
millions of smaller particles. Other surveys aim to 
use ground-based radar to track objects too small to 
be seen by optical telescopes. Maps produced using 
this data show our planet already surrounded by an 
alarming halo of debris. 

Perhaps it’s little wonder, then, that collisions 
happen. Space scientists received an alarming 
wake-up call to the growing threat in 1983 when 
the Space Shuttle Challenger returned to Earth 
with a substantial crater in one of its reinforced 
windows. Careful study of the damage back on Earth 
determined that it was caused by an insubstantial 
fleck of paint, colliding with the shuttle at several 
kilometres per second - it's the hypervelocity speed 
of encounters in orbit that enables even lightweight 
objects to pack such an unexpected punch. 

What's worse, the fairly frequent shuttle flights 
up to the end of the last decade gave engineers a 
chance to make regular assessments of the likelihood 
of impacts in LEO and provided clear evidence that 
the problem was getting worse - particularly since 
the late-1990s. In 2006, Atlantis was struck by a 
tiny object that bored a hole straight through one of 
the radiator panels on the cargo bay door, while in 
2007 Endeavour came home sporting a hole several 
centimetres across in the same area, that triggered 
more than a slight cause for concern. 


SSA eC Bile 

To maintain a stable orbit around Earth at a given altitude, 
objects have to move at high orbital speeds, more or less 
parallel to Earth's curving surface. The closer to Earth, 


the faster the speed. Objects in LEO move at around 
7.4 kilometres (4.6 miles) per second, while those in 


geostationary orbit move at 3.1 kilometres (1.9 miles) per 
second. The tilted orbits in which space junk particles orbit 
mean they're likely to meet head-on, or at sharp angles, 
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release huge amounts of destructive kinetic energy. 


An even more impressive collision took place 
in Z009, when Iridium 33 - part of the US satellite 
telephone network - collided with the defunct 
Russian communications satellite Kosmos-225] at 
high speed. The two satellites were travelling almost 
perpendicular to each other and, in the months 
that followed, NASA tracked a spreading field of 
more than 2,000 substantial debris fragments. In 
March 2012, astronauts aboard the International 
Space Station were forced to take shelter, ready for 
an emergency return to Earth, as a fragment of the 
Russian satellite passed nearby. 

Various space agencies have also done their best 
to add to the problem from time to time. The earliest 
example of deliberate orbital littering came with 
Project West Ford in 1963 - an attempt to scatter a 
ring of almost 500 million tiny magnetic needles 
around the Earth. It was thought this would form an 
artificial ionosphere - a reflecting layer for bouncing 
military signals between distant locations. Other 
shocking examples include the deliberate destruction 
of satellites during anti-satellite missile tests. China's 
destruction of its Fengyun-lC satellite during a 2007 
weapons trial still holds the ignominious record as 


the source of the largest amount of catalogued debris. 


Fortunately Earth's atmosphere provides a natural 
clean-up mechanism in the form of friction with the 
upper atmosphere or exosphere. Although objects 
in orbit can usually be considered as outside the 
atmosphere, the thin shell of gases has no abrupt 
edge - instead it extends out for thousands of 
kilometres, growing ever thinner. Friction caused by 
collisions with these sparse gas molecules gradually 
slows the orbits of satellites, dropping them closer 
to Earth, where they experience increasing friction. 
As a result, with no external intervention, most 
satellite orbits inevitably decay and objects re-enter 
the atmosphere. However, atmospheric drag is only 


really effective at clearing out orbits below about 800 


kilometres (500 miles). 

In the early days of space exploration, engineers 
mistakenly assumed that orbital decay would drain 
debris from orbit quicker than it could accumulate, 


but they reached this conclusion without considering 


two significant factors. The first of these is simply 
the increased accessibility of space and the number 


of satellite launches. The second, and more alarming 


problem, is the so-called Kessler effect. 
Named after NASA scientist Donald Kessler, who 
in the 1970s predicted the development of a fully 


“Earth's ee provides a natural 


clean-up mec 


anism in the form of 


friction with the upper atmosphere’ 
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One of the most dangerous ways in which 
quantities of space junk can increase is when 
discarded rocket stages are left in orbit with fuel 
still in their tanks. In some cases, liquid fuel can 

simply evaporate until the pressure of the gas 
from within ruptures the rocket's hull. In others, 

the rocket's internal structure can deteriorate 
over time due to various stresses (such as the 
eH ederim ema er en meleN sme) 
sharp temperature changes in space). Eventually, 
the barrier between tanks can break down, 
SOF MeliC Culm cele Cm e)ce)eloi rebel mce manny bt 

with dramatic results - explosions that have the 
potential to fling out chunks of shrapnel with 
different masses and speeds into orbit. 








Left in space 


Vanguard 1 

The oldest piece of 
space junk still in 
orbit is Vanguard 

|, the second US 
satellite. It stopped 
transmitting signals 
to Earth in 1964, but is likely to remain in orbit for 
another two centuries. 





Orbiting reactors 
RORSAT was a series 
of spy satellites 
launched by the 
Soviet Union between 





1967 and 1988. While the satellites have re-entered 
the atmosphere, their reactor cores were ejected 
into higher orbits. 





Lost tools 

Space Shuttle 
astronauts had 

to cope with the 
embarrassing sight 
of a number of tools 
s fee drifting away into 
space, including wrenches, pliers and on one 
occasion an entire toolbag! 
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Since our first forays beyond the Karman line, around 
100 kilometres (60 miles) above sea level, we've 

sent an exponential stream of objects, instruments 
and spacecraft into various levels of Earth orbit. For 
dite on] OREO) OU Melt Ns Awe) ema lel ered al 
about the mess we've been making up there or the 
consequences of space junk in the future. 

Both the amount and different types of junk has 
Pale tarerie meee en reece) Mb Oe) mete O LO cei bs le nag 
Apollo missions. Here's the kind of dangerous scrap 
aan er eo eb) Ob ee etna ce eae 
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Earth's deadly debris zones 
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West Ford needles ® 

MET e meee Wren cemaer lal 
500 million tiny magnetic 
needles into orbit, creating 
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Geostationary orbit © 
This is such a useful orbit for: 
Deltora gee ee na 
defined region of space, that 
mee ee ae tual 
aceite tei 





Outer orbits @ 
ert ite ema eieialra (= . 
communication follow elliptical orbits 
that come close to Earth at one end, but 
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® Re-entry zone 

Objects at altitudes below about 
800km (500mi) experience significant 
atmospheric drag which slows their 
orbit and brings them back to Earth. 
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2009 satellite collision 

were scattered along two 
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blown debris belt around the Earth by the turn of the 
millennium, Kessler syndrome is an effect in which, 
once the debris belt has reached a certain critical 
density, an initial collision between two large objects 
can give rise to a cascade, or avalanche, effect. This 
results in shrapnel being lung out from the first 
collision, hitting other objects in nearby orbits and 
generating yet more debris. Ke sslet was the first to 
recognise that one of the crucial factors controlling 
the density of objects was the rate of collisions 
between them, since a single high-energy collision 
shattering an asteroid could produce countless 
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fragments, each of which, though small, might 
potentially be fatal to a spacecraft. 

This is the kind of event dramatised in that pivotal 
sequence from Gravity and its overall result could 
be to render large areas of Earth orbit inaccessible 
for many years. While it’s unlikely that a Kessler 
cascade could block access to space completely, it 
could make it harder to reach certain types of useful 
orbit and limit the operational lifetime of satellites 
after their deployment. These are all factors that 
could significantly affect everyday technologies such 
as satellite navigation, telephony and broadcasting, 
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as Well as limiting scientific missions such as Earth 
remote sensing and orbiting astronomical telescopes. 
So, in little more than five decades of spaceflight, 
we've already reached a situation in which space junk 
is a very real threat. It's one that's only likely to get 
worse in the future unless we take global action not 
just to improve our littering habits, but also to remove 
the material that's already there. 
Satellites are increasingly being designed with the 
facility to boost into a safe, remote graveyard orbit 
at the end of their useful lives, or to deliberately 
deorbit, ensuring a safe, controlled breakup in the 
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The number i large objects less than 
10cm across being raced | in Earth orbit 
by NASA's GEODSS system 
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Statistical estimate of 
the mid-sized fragments 
(1-lOcm across) in orbit 
around Earth 
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smallest debris 


NASA‘s upper risk limit fragments 
to the chances of a that can be 


collision with a piece , 
of debris on a mission °C?! by Earth- 
based radar 


Than 48,211 


number of close 
calls that occur 
every week 


3,000 


Number of trackable 


The mass of the 
Envisat satellite 
stranded in a 
crowded region of 
debris pieces created by — Low Earth Orbit 
the 2007 anti-satellite test 


42,120km/h 


Speed of the 2009 collision between Indium 
33 and Kosmos-2251 


atmosphere. Efforts have also been made to limit the 
dangers from potentially explosive debris left in orbit. 
There's even talk of regulating commercial satellite 
companies with a ‘one up, one down rule, so it’s in 
their financial interest to ensure defunct spacecraft 
are safely and cleanly dealt with. The International 
Telecommunication Union (ITU), responsible for 
regulating comsats in geostationary orbit, has been 
particularly keen to ensure this valuable and very 
precise orbit is maintained for future use. 

50, how can we clear out all the junk that's already 
up there? Various ideas have been put forward, 


45 





Deadly space junk att 


including automated tug spacecraft capable of 
boosting geostationary satellites into a graveyard 
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orbit, or even returning them to Earth. However, ya eee eee jam 
this kind of mission would only really be practical 7 pooee: ae ia . A 
for handling the largest pieces of debris - shifting eeee re etees hl | 
material between orbits would require large Grappling in space _ ase a na 


amounts of propellant, so the tug design itself would 
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require an infrastructure for refuelling in orbit. 


a tug spacecraft uses a 


NOMI ee Ten TOhU ome ale) ele me) y See ukckarc 
researchers at Texas A&M University, is the Sling- eRe caee 1 Clcm tees 
sat - a fuel-efficient mission that would involve a TM Ee eRe ection iste 
spinning satellite briefly capturing debris before Tee) eel 
HGS EARS CR Clicks ccna or docking points. 


Pelee mC eee erm WiNt Re me Pe mesa a mel a 
increase the satellite's momentum, enabling it to 
remain in operation for a long period of time. 

OEP LOM OOM eet Ale ete mele) ers 
fragments is a much greater challenge, so for 
practical reasons any clean-up operations will 
Fee Ke Meme iCe Comer e eile 
clusters of small debris, such as those left behind 
by Project West Ford. 

Many proposals involve deploying the space- 
PEM em se Nel Me MOGs he eee ela 
2014, a joint US-Japanese satellite launched into orbit 
carrying a prototype for one such design. The Space 
Tethered Autonomous Robotic Satellite 2 (STARS- 
2) mission involves the deployment of a small 
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subsatellite at the end of a 300-metre (984-foot) Ag! ~ 
tether cable. Using the same principle as a bicycle approach = 
dynamo, this tether will generate electric current ee 
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ee TAe lel MU e) sable) e mai eel ieee) atiele)(cieae) eT 
sail propulsion, the laser would apply a tiny braking 
force to the target object, gradually draining its 
momentum and pushing it onto a new orbit. Studies ee eee ee ee ee ee ee 
suggest that a laser broom could adjust the orbit of Ee 
small objects by a couple of hundred metres over 
a few hours - enough to avoid potential collisions, 
while repeated use could nudge an object towards | | a 
eventual deorbit. The accurate targeting of such / a Sleeves ean 
small and fast-moving objects would be a major | "a 
challenge so, for the moment at least, laser brooms 
might be most appropriate as a last line of defence 
for space stations. , | » 
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Protected orbits? 





® Trawling in orbit 


Another possible way of capturing a 


FC Meee) le dg tte) cle Since 1993, most of the world’s major space 
Rl ye ely agencies have been members of the Inter-Agency 
basket at the end of a long, flexible tether. Space Debris Coordination Committee (IADC), a 


Once the satellite is secured, the final 


oo co-operative effort to research the effects of space 
Ee Rem eee 


debris and look at ways of resolving the problem. 
One of their key proposals, first outlined 
in 2002, is the creation of protected orbital 
regions - zones where special efforts would be 
made to avoid debris creation - and to remove 
CsA hote mee CeCe) cee ol mee aT UT Cet Neto oe 
an end. The two key zones are LEO (defined as 
everything below an altitude of 2,000 kilometres 
or 1,243 miles) and the geosynchronous region 
covering a swathe 400 kilometres (249 miles) 
deep and 30 degrees wide around the exact 
eae GWA Al Odes ee) Mew Miele Bal Oni seca) 
CPC meas iia micl a mOmiemicae 
by Satellites on their way to the geosynchronous 
region, LADC argues, should also be protected. 
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Future Tech Microbot explorers 
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~ Deployment 
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From the moment the Soviet Union landed the 
Lunokhod 1 lunar rover on the Moon in November 
1970, scientists and astronomers have been working 
Sida OMe Cli B niles le eerie cee 
ieee Bie mT e Ieee Ele eelaele oe EN 
seen rovers, landers and probes, but a team from 
the Department of Mechanical Engineering at MIT 
are working on microbots, the next generation of 
planetary investigators. 

These tiny spherical robots - often no larger 
than a baseball - are able to hop, bounce and roll 
around the surface of a planet, get into crevices and 
negotiate obstacles in ways that traditional rovers 
are unable to. 

Sidhe deter dmc Oe Oe emt ed iis eee 
hoping to reduce microbots to just ten centimetres 
CioU lin M IMO iLacomel ele MVE Nim enterm | ord evn ere 
no more than 100 grams (3.5 ounces), so they are 
able to get themselves into hard-to-reach places. 
They would be constructed of lightweight polymers 
and carry miniaturised scientific equipment for 
research. Many of the key components encased in 
the machines will be around the size of a coin, with 
the mass spectrometer measuring just 0.6 cubic 
centimetres (0.04 cubic inches) and the 4GB hard 
drive only just larger than a two-pence piece or a 
dollar coin. 

The idea is to deploy hundreds of microbots on 
Cite eee) ee MOE vi Ome eae Ime) iyi e leet Cemet Ta 
them and an airbag system to ensure they're intact 
Gem GN ht etme) le Cs @cw eta eee Ce) ONL a 
microbots will spread out in teams, scouring the 
DEM aee ieee ee meme Ch meme maelsl 
caves. This will enable in-situ examinations of the 
planet's composition, history and chemical structure. 
They will then send this information back to the 
surface, where it can be stored and communicated 
to teams back on Earth. The microbots would 
OMG ECO 6) Se Boren mails 
Nereis emer ea Meme etic le eee meer ait 
Waves struggle to get through rocky structures. This 
means that the information would be transmitted 
using high-frequency waves, jumping from bot to 
bot until the signal is eventually able to be picked 
up on the surface. 

A Dielectric Elastomer Actuator - an elastic 
dielectric film placed between stretchy electrodes 
- creates the hopping movement of the microbots. 
When current is passed through this, the electrodes 
are stimulated and laterally expand the film. This 
rapid expansion enables a microbot to hop on its 
bistable leg and travel across the planet's surface, 
easily traversing obstacles such as rocks. Each hop 
etl Mel Core nt) ee) e ee eel eee eee eee 
which would enable it to travel across dozens of 
metres every day, collecting important scientific 
information as it goes. 

Mars would be one of the first obvious ports of 
call for this generation of planetary explorers. There 
has been an awful lot of analysis of the Red Planet 
Cech SUM de tem e)e)e le Cate A Ce ene 8 manele ls 
before is one the team at MIT will find hard to pass 
up. The Moon, with its pock-marked surface, will be 
another key area for the microbots to be deployed, 
but any planet or satellite with an inhospitable, 
rocky surface will be on the radar for these access- 
Pee Belem 
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Space is no place for the agoraphobic: our Solar 
System alone is so vast and empty it makes the open 
sprawl of the original American prairie seem like the 
inside of a small cardboard box. The technology that 
enables us to see massive objects from billions of 
light years away tends to make us fixate on the really 
big stuff in space, such as Rl36al, a Wolf-Rayet star 
found in the Tarantula nebula that’s an estimated 
265 solar masses and outshines our Sun with nearly 
nine million times its luminosity. Closer to home, just 
a few thousand light years away, there's VY Canis 
Majoris. This red hypergiant has an estimated mass 
of up to 35 times that of our Sun, but it's voluminous 
enough that if it were scaled down to fill the palm 

of your hand, the Sun would appear smaller than a 
grain of sand next to it. 

We pore over and marvel at these huge and distant 
objects, but all the while there are millions of equally 
fascinating smaller stars within a stone's throw of 
our Solar System. You might think that these stellar 
relatives are so small, in comparison with the awe- 
inspiring stellar behemoths, that it's impossible to 
regard them as interesting. However, their stories are 
just as, if not more fascinating. 

Just around the corner from the Sun is Proxima 
Centauri, the nearest star to our own at just over four 


Red dwarfs 


light years away. It's an example of a red dwarf - a 
small star that sits on the bottom-right rung of the 
main sequence in the Hertzsprung-Russell diagram - 
a Praphical tool, named after its astronomer creators 
Ejnar Hertzprung and Henry Norris Russell that 
enables scientists to classify stars according to certain 
characteristics such as their brightness, colour and 
stellar type. Red dwarf stars range in mass from a 
low of 0.075 up to 0.5 times the mass of the Sun and 
most are only a few times the diameter of Jupiter, 
the king of the planets in our Solar System. These 
pint-sized stars are made just like any other main 
sequence star - a cloud of dust and gas is pulled 
together by gravity and begins to spin. The swirling 
causes the material to clump closer to the centre and 
before too long it reaches a temperature at which 
fusion begins. Despite their slight size, however, their 
low mass Means these mini stars are much more 
easily formed, so hugely outnumber every other star 
type in the Milky Way. It’s possible they even make 
up the majority of the stellar population in other 
galaxies too. In fact, around 20 of the nearest 30 stars 
to Earth and up to three quarters of the stars in our 
galaxy are red dwarfs. 

We've established that many of the stars in 
our universe not only vary in size, but in surface 


“Despite their slight size, their low mass 


means these mini stars are much more 


easily formed, so hugely outnumber 
every other star type in the Milky Way" 


Proxima Centauri shines bright through the 
Hubble Space Telescope in this recent image, but 
it's invisible to the naked eye. It's likely to remain a 
main sequence red dwarf for four trillion years 
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temperature. As a result, astronomers like to put them observatory where it was developed around 1910 (124,270 miles) in diameter, which makes it only a 
into categories, or spectral classes O, B, A, F, G, K, M, that many of the stars in our universe belong to, red little larger than Jupiter - that itself has a diameter 

L, T, ¥. Starting from the young, unbelievably hot blue dwarfs are designated as the progressively cooler of 143,000 kilometres (88,860 miles). Like other red 
O-type stars, the classification takes us through to M-types. dwarfs, Proxima Centauri has a relatively low surface 
stars like our Sun, the G-type yellow dwarfs, before Proxima Centauri is a late M-class star with barely temperature in the region of 3,000 degrees Celsius 
ending at the extremely cool Y-type brown dwarfs. enough mass (12 per cent of the Sun’s) to sustain the (5,432 degrees Fahrenheit) and is burning through its 
Of the nine classes, dubbed the Harvard Spectral temperature and pressure necessary to create nuclear supply of hydrogen inside and outside its core, which 
Classification - a scheme named after Harvard college fusion at its core. It's around 200,000 kilometres it formed with less rapidly. 


In comparison, larger, more-heavyweight stars 


ad al. sheer number of red dwarfs makes only manage to burn through the hydrogen found 


at their core before their lives are snuffed out. Since 


it unlikely that life hasn't existed red dwarfs burn at such a low temperature, the result 


| , “ is that they are extremely faint - even as the closest 
drOu nd at least One of them known star to the Sun Proxima Centauri is only 
| | visible as an eleventh magnitude object, which is too 
| faint to be seen from Earth even with binoculars. The 
ln a 7 Star is even outshone by some that are hundreds, 
Pm to anger even thousands of light years away. 
| mall | Red dwarfs like Proxima Centauri are both 
S La - S ~ oi igre interesting and important to our understanding of 
There is a class of substar whose mass falls below the universe for several reasons. First, our own yellow 
dem elicit e/Cs le NNR MUSE ES ColRts | dwarf (the Sun) has a volume that's proportional to 
object can sustain hydrogen fusion and so be | ey its mass, because its matter behaves like gas under 
considered a true star. Brown dwarfs straddle the Ss hl lhe | its immense gravity. With much lower M-class stars 
ee OMA tm) eae eee DeLee eee Cord . “ ‘- = | at the bottom end of main sequence, stellar matter 
DEMON er to rea edt eee eel mee Om aba o any. , | is more able to resist gravity’s effects and curious 
that of Jupiter down to a debated low threshold of ee. po quantum influences come into play. Matter is said 
about ten Jupiter masses. They are extremely dense, Py ee ee to be degenerate in these stars, so although Proxima 
so despite being many times the mass of Jupiter, Pe he lees tl Centauri is only about 1.5 times larger than Jupiter, it 
PRN else tee hoe eee ele we cee ae wT has over 120 times the mass of the gas giant 
The laws of quantum physics govern the huge P % fae ivy ip | Generally speaking the lifetime of a star will 
density of some of the smallest and strangest stars <a 7 ee increase exponentially in inverse proportion to its 
Heer ee la Cele ied eee tee) ie ame) ak TT mass. So, the brightest and most massive stars in the 
stars after a supernova. They can be several times universe, the hypergiant O-types of several dozen 


eee ees ie yet have a diameter of just tan | solar masses or More, might last a few million Years 
kilometres (six miles). a cosmological blink of an eye. They burn through 


their nuclear fuel at a terrific rate and bloom in 
volume before exploding in an energetic hypernova. 
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Our G-type Sun, which has been around for five 
billion years or so, will continue to use its remaining 
hydrogen for around another five billion years before 
it throws off its outer layers in huge mass ejections, 
leaving nothing but the white hot ember of its core 
behind to be seen. 

We can see examples of stars at these final stages 
of their evolution throughout our galaxy. However, 
were unable to see any dead or dying red dwarfs, 
because their lifetimes can run into hundreds of 
billions, even trillions of years, many times older than 
the current age of the universe. So the ultimate fate 
of these slow burners - gradually fading away as a 
white dwarf - is currently all theory. 
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In recent years known red dwarf stars have 
become the go-to objects for exoplanet-hunting 
telescopes, partly because there are so many of this 
type of star to observe and scientists think there is 
at least one exoplanet orbiting every red dwarf in our 
galaxy. Their long lifespans and stability also make 
it more likely that complex life could develop on 
an exoplanet orbiting a red dwarf. It took over 500 
million years for the very simplest of single-celled 
life forms to appear after the formation of the Earth. 
Given that as an analogue, we're unlikely to find life 
on a planet orbiting an O-, B-, A- or even some F-type 
stars, whose lifespans tend to be far too short to 
nurture any form of life. 
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Red dwarfs 


New exoplanet-spotting techniques and more- 
powerful telescopes are revealing planets all the 
time. Just recently, a NASA researcher discovered 
the first Earth-sized planet in the habitable zone of 
another system, one of five orbiting an Ml-type red 
dwarf star. While it’s the subject of some debate as 
to whether a planet that orbits this close to a red 
dwarf can also play host to life, the sheer number of 
red dwarfs makes it unlikely that life hasn't existed 
around at least one of them at some point in history. 
In any case, as one of the most numerous and yet 
difficult-to-observe types of star in the universe, 
these red dwarfs can only become more interesting to 
astronomers over time. @ 


Percentage of main-sequence 
Stars in the universe 
M (red dwarf) 76.45% 
K 12.1% 
G (the Sun) 7.6% 
F 3% 
@ A06% 
© B013% 
® 00,00003% 
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5 AMAZING FACTS ABOUT 


Temperatures fluctuate by 
up to 500 degrees 


While on a spacewalk in Earth orbit the temperature changes from a balmy 
120 degrees Celsius (250 degrees Fahrenheit) in sunlight to -160 degrees 
Ore et Rela como cei ole emer i eel eee) er eect eee TCM ele) enn rly 
white to reflect light and heat while in the Sun. 


It takes hours to get ready 
for a spacewalk 

For modern spacewalks it takes about 45 minutes to don the 
125-kilogram (280-pound) suit. The astronauts must then spend an hour 


pre-breathing pure oxygen to adapt to the lower-pressure environment 
maintained in the suit before heading out of the airlock. 


- 
The first spacewalk 
, C . a : 
almost ended in disaster 
PUTO A MOONE A A e-lme eee el eel ace) enn em e) mele) me dc 
Leonov on the Voskhod 2 mission on 18 March 1965, his suit 


expanded much more than had been expected and he had to leak 
air from his suit into space in order to get back into the spacecraft. 


The longest 
spacewalk lasted 
aoe Vaht@eliecom aetna. 


NASA astronauts Susan Helms and Jim Voss hold 
the record for the longest spacewalk in history, set 
SLUDSIO MGs heh Bae elle Oe MeM ON Pm UNIMON mee 
outside in the vacuum of space for eight hours and 
56 minutes on 11 March 2001. 


see CReN eae 
been one three- 
person spacewalk 

The only time three people have simultaneously 
exited a spacecraft to perform a spacewalk was 
during Space Shuttle Endeavour's STS-49 mission 

in May 1992. During the mission Americans Pierre 


Thuot, Richard Hieb and Thomas Akers captured the 
CE EE ce 


The STS-49 mission 
cave lieleemenoie 
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Supersonic wind tunnels 





Inside NASA's Glenn 
Research Center 














wind tunnel 





The science behind the amazing 
structures that have helped us 
reach the Moon and beyond 


When humans first attempted to take to the skies, 
we quickly discovered that there was an awful lot to 
learn about the forces acting on our flying machines. 
The essential problems of drag and air resistance 
completely escaped most airborne designs until the 
arrival of the wind tunnel. 

It's generally accepted that Frank H. Wenham was 
the creative force behind the first wind tunnel back 
in 1871. He designed a steam-powered fan that blew 
air down a 3.7-metre (12-foot) horizontal tube, which 
helped aeronauts learn a lot about drag and lift. 

The concept of the wind tunnel was born and 
there were many improvements made to it over the 
years, most notably by the Wright brothers, until 
NASA got involved and took things up a few notches. 

NASA has a huge number of wind tunnels, ranging 
from a few square centimetres to over 365 metres 
(1,200 feet) long. A supersonic wind tunnel attempts 
to discover how aircraft and spacecraft cope in real- 
life situations, as well as test individual supersonic 
components such as nozzles and inlets. 

Modern wind tunnels use a cyclical design, 
pushing air through a series of tubes, powered by 
liquid jet fuel, gaseous hydrogen, gaseous oxygen, 
40,000-horsepower electric motors and compressors. 
These are narrow sections of pipes that squeeze the 
air into a much smaller space, increasing the pressure 
and speeding up the airflow. The airspeed can be 
carefully monitored and changed by altering the 
power output of the motors and slightly widening 


Compressors @ 

These narrow wall sections 
vastly increase the air 

pressure, causing the air to 








or narrowing the width of the compressors. The | accelerate. They're moved by 
compressor walls can be changed by a mere five- ® Main motors hydraulic jacks by as little as 
thousandth of an inch in order to create the exact The electric motors generate 40,000 five-thousandth of an inch. 
wind speed. The data then gets carefully scrutinised horsepower and four are positioned just _ 

by an on-site team of scientists, before being made ahead of the main compressor to regulate the 


available for the public to look at. speed of the air flowing into them. 


There are two main types of wind tunnel test. ‘s r | | 
ispisnnwsingpestatnersentty — APOHO I's command module was 
corms teageneresenwsnerss tested in a number of wind tunnels, 
test is the open-loop system, where the air is highly each exerting d different force Of) it” 


pressurised and only powers through the system a 


few times before being released. While in the tunnel, under immense pressure, SO engineers can discover For example, tests were conducted in NASA wind 
aircraft, spacecraft or models are either turned on how it would cope under that level of strain. tunnels at Mach 04 to 19 to discover what kind of 
and operated to accurately simulate flight, or held in Its smaller cousin, the Supersonic Wind Tunnel, is pressure would be exerted on the command module 
place by a strong magnetic field. able to help engineers closely investigate the effects as it left Earth's atmosphere. Apollo 11's command 

The Abe Silverstein Supersonic Wind Tunnel at the of switching between Mach 0.8 and 1.2, where the module was tested in a number of different wind 
NASA Glenn Research Center was built in 1956. This craft edges either side of the sound barrier. These tunnels, each exerting a different force on it. The data 
facility can send air around the system at speeds of wind tunnels helped many famous space projects get drawn from these tests was key in the success of the 
up to Mach 3.5, putting aircraft and their components off the ground, such as the famous Apollo missions. mission to the Moon. 
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Supersonic wind tunnels 
@ Air expelled me EEE 
When the air is used in an | 













open-loop circuit, this is where —— ™ 
it gets expelled back into the m , a | 
world, having been cooled and ~ S bf toc trees aga 
uietened first. hy | 
a > be tested at this wind tunnel 
os because the floor of the test 
—_— ~~ ‘“ area can be lowered. 
on ® Test section ‘ 


This is the area where the craft 

or equipment being tested is 

operated or suspended. In the Sy 
® External air Abe Silverstein Wind Tunnel 

| Air is brought into the system this area is 3 x 3 metres (10 x 
through a large drive to enable 10 feet). 
an open-loop system to be run. | 

This enables the craft to be 

active during the test. 










The tunnel is a 
total of 365 metres 
(1,200 feet) long 
and the air can 
travel at 4,023 
kilometres (2,500 
miles) per hour.. 










® Control room 
Scientists manage the wind 
speed inside the tunnel as 
well as collect and analyse the 
resultant data. 


® Secondary motors 
These three motors are 
just ahead of the second 
compressor. The seven motors 
generate 250,000 horsepower 
between them, but consume 
up to 200 million Watts of 


electricity per hour. (UU edema eg alin 


1s at the National Full-Scale 
Aerodynamics Complex (NFAC). It 
simulated Mars’ thin atmosphere 
for the MSL Curiosity Parachute 


Modern missions like Orion have also been tested 
in wind tunnels at NASA to determine how they 
would cope with returning through the Earth's 
atmosphere. Here, temperatures inside wind tunnels 
can reach 1,140 degrees Rankine. 

The future of wind tunnels looks like being one 
of subtle improvements. One of the hardest areas 
to perfect is Computational Fluid Dynamics (CFD) 
calculations, which determine how fluids, such 
as Earth's atmosphere, flow over objects. Current 
models of calculating CFD need updating, so the next 
step for NASA is to be able to accurately measure 
this phenomenon to better understand an aircraft's 
passage through the atmosphere. @ 


© The Art Agency Tom Connell: MASA 
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Kepler-64 is a star system of firsts, the greatest of which is the 
result of work by amateur astronomers, not professionals 


Written by Shanna Freeman 
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All About Kepler-64 


Located in the Cygnus constellation in the Milky 
Way, Kepler-64 is one of the most visible star systems 
in the sky and known for containing the asterism, 
or star pattern, called the Northern Cross. Cygnus is 
very large, covering about 804 square degrees and 
nearly two per cent of the night sky. 

Kepler-64 also keeps some interesting company: 
the brightest star in the constellation, Deneb (or 
Alpha Cygni), is a white giant and one of the most 


‘About a hundred stars in the C1 
constellation have planets in orbit, [and 
more are being discovered all the time’ 


WWE ele eerie sn 
region Cygnus X-1 rests 
RUC mre eat 
the constellation Cygnus 








This distant system is a mind-boggling 5,000 
light years away from our home planet 









luminous detected. Cygnus also contains numerous 
X-ray sources, including the black hole candidate 
Cygnus X-l, the binary star pair Cygnus X-2 and the 
microquasar Cygnus X-3. Cygnus A was the first radio 
galaxy to be discovered and one of the strongest 
sources of radio waves in the sky. These galaxies 
have extremely luminous radio wavelengths. The 
constellation also contains a massive star formation 
region, known as Cygnus X. 


onNUS 
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How far is Kepler-64 from us? 


AN ese ele lele 


Actually a system of three stars, the 
Tae ee ee 
Centauri, is the closest of the three 
con Sete lees eee chy 
4.24 light years away. 


Dort Cloud 


This hypothesised icy cloud is 
estimated to contain billions 
of planetesimals and occupy 
a Space somewhere between 
2,000 and 50,000AU. 


= 63,240 astronomical units 


egy dpe eee ea 


Because the Kepler mission - a NASA space 
observatory launched to help discover Earth-sized 
extrasolar planets - had its field of view focused on 
a region that includes Cygnus, it has become the 
constellation with the most known planets. About 
a hundred stars in the constellation have planets in 
orbit around them, while more are being discovered 
all the time and confirmed after analysis. 

Kepler-64b may be one of as many as 100-400 
billion exoplanets in the Milky Way. Astronomers 
at Caltech conducted a study based on the planets 
that orbit Kepler-32, a star discovered in January 
2012, which posits that there could even be as many 
planets as stars in our galaxy. 

The first star system to have six transiting planets, 
Kepler-11, was announced on 2 February 2011. It's also 
one of the flattest and most compact systems - for 
some context almost all six of the planets would fit 
inside the orbit of Mercury. 

While Kepler-l6b, announced later that year in 
September 2011, was called the Tatooine planet 
because it was the first found to be orbiting two 
stars. The stars are an eclipsing pair, similar to 
those orbited by Kepler-64b. There's also Kepler- 
69c, a confirmed super-Earth extrasolar planet 
that’s estimated to be about two-thirds larger than 
Earth. It orbits a Sun-like star and is thought to be 
terrestrial. Originally the planet was considered to 
be in the habitable zone, just the right distance from 
its orbiting star to maintain a temperature capable 
of supporting liquid water. However, Kepler-69c 
was later determined to be much more like Venus 
than Earth. Given that Venus is one of the most 
inhospitable planets in the Solar System, it doesn't 
seem likely that anything could survive there. 

But the discovery of Kepler-64b eclipsed the 
excitement of Kepler-l6b because it too orbits two 
stars, but also has a binary pair orbiting the initial 
pair. Kepler-64 is the first quadruple star system with 
a planet, the first to have a transiting planet and also 
the first to have a circumbinary (orbiting a binary star 
system) planet. 

Even among over 900 confirmed exoplanets in the 
Kepler field and over 1,700 exoplanets discovered so 
far in our galaxy, Kepler-64b is something special. @ 
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ry 


ae oo The number of confirmed 
. planets so far found 
by the Kepler Space 
Telescope, but there are 
many more candidates 


2 i. | | ‘ae The estimated Earth 
Delta Cygni @. , 3 masses of PHIb e 


Sli ese acune ea “— Kepler-64b . , 


* about 170, light years away * (9 re ln eed | : ) PHIb has a total 
ETE alae Maru TEs , hae me ens ) : ) | radius about 6.2 
See Constellation. a Ae mai + Se it ie. , ry times Earth's 


A cre rie ae : The number 1 a , | 
Albireo, ae of light years . »( )( ) 


Kepler-64 1S The two binary star pairs 
| are 1,000 times farther apart 
from Earth than our Sun and the Earth 
» Cygnus 


| KX Nae wa eel th | 
EE A ah PHIb » 
WZ , aN iN a) as - | | was Just 
me (Ch sS-11 RULE 


WX G : the sixth known Potential planets found 
ss aN CE Dens circumbinary planet via Planet Hunters 


Beles (i nn oon © ND i Awe | el ee ! | | | 
Dey R Cen ane ea \e + | | oon, ou F 
exoplanets - ) ; ee lpetiehidiaae : 

Kepler-66b and - ome Pete {_ J -fy - ; 


Kepler-67b - - . | Sema ) | 
each of which aa alates The number of Kepler observations analysed by 
Pee cr ele citizen scientists at Planet Hunters 





C1 Tre ol ey Alnilam Kepler-64b 
Gliese 667 is a triple-star oa pe tao sts Eanes 
system located in the melee eae sil ite asiaiehin " i 
le) ge] eemae lycra lege this white-blue supergiant i 
DOU Cea (Liab ae) cs is about 18,000 times RL a 
Re) A el brighter than our Sun. another faa ete 


habitable super-Earths. 





CFBDSIR 2149-0403 Kepler-11 


ee elem eae 
newest in a group that may have found by Kepler and is the 
either formed independently or first known system to have 
alta) ee eee) ara aes 
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look inside 
Kepler-64 


The unique makeup of this quadruple star system sets it 
apart from even the most impressive of Kepler's discoveries 


Kepler-64 is a quadruple star system 
located about 5,000 light years from 
Earth and estimated to be about 2 
billion years old. Also known as KIC 
4862625 in the Kepler catalogue, 

this system comprises two binary 
stars designated Aa+Ab and Ba+Bb. 
The planet PH1b, or Kepler-64b, is 

a circumbinary planet orbiting the 
Aa+Ab binary. As of 2013 there are 
less than 20 confirmed circumbinary 
planets in existence, but information 
gathered by the Kepler mission 
indicates that there are probably many 
more, with a wide range of star and 
planetary types and sizes. 


Kepler-64b orbits its binary pair very 


close to the stars’ plane, suggesting 
that the planet probably formed from a 
single protoplanetary disc of gases and 
debris, left over from the formation 

of the stars. Recent studies of 
circumbinary planets that orbit close 
to their stars suggest that they formed 
in Violent ways, as the gravitational 
pull from the binary star system 
would have pulled very strongly on 
the protoplanetary disc. 

The planet is similar to Neptune 
and thought to be a gas giant with a 
diameter six times that of Earth's. All 
confirmed circumbinary planets have 


An artist's impression of 
the Kepler-64 system. 
Beyond Kepler-64b is the 
Elim e eee Cea le 


so far been smaller than Jupiter and 
no terrestrial circumbinary planets 
have been found. Kepler-64b could 
have terrestrial moons, but it's so close 
to the binary stars - ie closer than 
Venus is to our Sun - that any moon 


would be far too hot to be habitable for 


life as we know It. 
The primary binary pair of stars 
are both dwarfs: Aa is the larger and 
brighter of the two, a yellow F-type 
with a solar mass of 1.5 and somewhat 
hotter than our Sun. Kepler Ab is a 
red M-type dwarf with a solar mass 
of 0.41. These two stars are also very 
close together and orbit each other. 
After the discovery of PHlb as 
a candidate exoplanet, additional 
observations were needed for 
confirmation. At the time it was 
thought to just be part of a binary star 
system, but spectroscopic observations 
from the Keck Telescope in Hawaii 
not only confirmed the planet but 
also revealed a secondary pair of stars 
orbiting far from the primary pair. The 
secondary pair of stars is located about 
LOOOAU from the first, orbiting each 
other. Ba is a G-type dwarf (the same 
class as our Sun), with a solar mass of 
0.99, while Bb is an M-type dwarf with 
a solar mass of 0.51.@ 





a4 
@ Super Earth size: 1.25-2.0x Earth-size 
® Neptune size: 2.0-6.0x Earth-size 
© Giant planet size: 6.0-22x Earth-size 


The full field of view 
DOVE Wee Gy) lms) pee 
Telescope, fixed across 
Cyenus and Lyra 
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KIC 4862625 Ba+Bb 
Ba is a G-type dwarf 
Why ern rent yieleit Te) ae almost 
run-of-the-mill star system... Re RURAL 
) is an M-type dwarf that 
Kepler-64 is a rare star system eee eee ele ei 
alert Blew SU ee Tay | that of the Sun. 
pairs and one pair orbits the other. 
This makes Kepler-64b, or PHIb, 
the first planet to be discovered 
In a quadruple star system. All 


Mabe melee] tle ane) KIC 4862625 Aat+Ab 
OE ay emilee Aa is an F-type dwarf 
The stars in the Aa+Ab bi ae larger Fuels 
pair are close together - O.J7AU ees eee 
Fler eme eile Map mel etme) ne Ue Ue ee re 
SORE ae Waele cele ms , ee ee? 
eclipsing pair, lying close together 
ELaem Mai omer DNL-me) de) iee) mele pees, 
they undergo mutual eclipses. 
jit ee) nem eee ert i me er eel. 
See) Ue)L mds mei e-im eel iar lar el eet ye 
of around 1OOOAU. They're also 
much farther away from each other 
EL OM Creme) serra mer meh anew temas 
Mot me) ele OE |b lde 


od 
en 


alle 

This orbits the Aa+Ab binary pair at a distance 
EV eel ORs RO eee eel 
JMU A =o) 8) (merle esr ea 


‘As of 2013 there were oir relyelar aa 
less than 20 confirmed. 
circumbinary planets" 


—— Finding an exoplanet 


Kepler-64b was discovered using the transit method. If a terrestrial 
HRM Se eee AT Renee eI BP Male ee ree Le 
ONO PMO TLRS COR ee BUR ECONO ORO t em Edn Mele eee 
TCU CP Meee Pein MME OTM eee enlaces nen ea 
PERC a Rl me Reale m era Cee melee goon 
Seco reel aY eclipse These transits will last a certain length of time, usually between 
two and 16 hours, and the brightness will fluctuate by the same 
Planet transit CVO Hele oat R OM BOLE M ele beter mene ork E rsa 20 
, Eee eRe RnR eee Mee elu eeMae oc Recep nl Cela) 
ee eee eee appear as periodic dips in a histogram - we can find exoplanets, as 
: well as estimate their orbital length, size and mass. 
Primary eclipse This method can result in a high rate of false positives, which is 
why they're called potential exoplanets until their existence can be 
confirmed using other planetary detection methods. 


Luminosity 
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How the wealth of data from this 
technological first is still fuelling experts and 
amateurs alike in their hunt for exoplanets 


Kepler-64b is just one of the nearly 4,000 candidate 
exoplanets (with close to 1,000 confirmations) 
discovered using the Kepler Space Telescope. Kepler 
points to Cygnus (along with parts of Draco and 
Lyra) because it's out of the ecliptic plane, so light 
eNO GIBB e) NOC n cae 

Vinee eR eee meen eae 
et me( tj (cae em Cem alee MOAT h me Mer em Oem eli i crm e lt 
mission to explore and add to our understanding 
DAI nie ee eee Mem eee rene 
by NASA on 6 March 2009, charged with fixating 
on a specific portion of the sky to find extrasolar 
Earth-sized planets in the habitable zone. It was also 
designed to determine the number of stars in the 
Milky Way that have these types of planets. 

Its field of view includes more than 100,000 stars, 
which it simultaneously monitors. The spacecraft 
itself is simple, with one main instrument: a 
photometer that measures the brightness of the 
stars, before sending the data back to Earth for 
analysis of the transit patterns. 
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of development in 2009 
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At the time of its launch Kepler had the largest 
cameta ever sent into space (with a total resolution 
of 95 megapixels), the largest mirror to be sent 
outside Earth orbit (1.4 metres/4.6 feet in diameter) 
and the fastest download speeds. It sent back its 
first science data on 19 June 2009 and in January of 
Atom CO) PINT MMC VO MINN OCe Ui ae mele 
discovered five new exoplanet candidates. 

After that, discoveries from Kepler were 
FIVACeLtUne 6 iN DIO etl a ale lear teem Aimee) e) Evi T aot 
DUG eE (Mico NO MO NIM meI Gel creme laden nai enn ee 
but the number, size and orbital periods of Earth-like 
planets in general could be inferred from the data. 

In December 2011, the first Earth-sized exoplanets, 


Kepler-20e and Kepler-20f, were announced. The 
mission was going well - until it hit a snag. 

Although it was intended to last until at least 
2016, the Kepler spacecraft began experiencing 
problems in July 2012. The space observatory has 
four reaction wheels - gyroscopic devices used for 
attitude control, or pointing. One of the wheels 
ERIM Oe eee eek A OO tance 
Ee TAM UCOTI MOLOTOV BGO RM ULOLUr ame (eet eyes 
its field of view to record data. After a second wheel 
failed, Kepler was put in a rest state to conserve 
fuel. In August 2013, NASA announced that the 
two reaction wheels could not be repaired and the 
original mission was at an end. The space agency 
See Oe eNO meen Cem elie 

The first mission may have ended, but Kepler 
Jimi eee ems meio e) eel ike its 
still being discovered all the time. For example, the 
eee me Ce eet ee eee Inet ieee metic ents 
spacecraft had stopped collecting data. Because 
Mite e-em I er ieee shite el Oh eI) 
launched an initiative called Planet Hunters. Part 
of the Zooniverse project - a citizen science web 
eGe IMI TANG PRTON USN -mertnme J e()ern mill ces ie 
Planet Hunters enlists volunteers to view data 
collected by Kepler in the form of graphs. Terming 
its participants citizen scientists, the Planet Hunters 
initiative operates under the idea that people are 
aC OPE TOM MO NN eLULC Ieee lame Jee b Aetna meee D ers 
Pee eC eee ea ene heey ile 
worked together via a forum run by Planet Hunters 
to spot the dips and confirm the transits that 
indicated the existence of Kepler-64b.@ 


“Planet Hunters enlists volunteers 


to view data collected by Kepler 
in the form of graphs” 


Join the hunt 
for exoplanets 


You too can help find new planets from the 
comfort of your own home. More than 20 
million observations from Kepler have been 
analysed and 34 potential planets discovered. 
Once you sign up, you'll go through a short 


tutorial that explains how to determine light 


can just look for dips in the curve that might 
indicate a transiting planet. If multiple citizen 
scientists report potential transits that haven't 
already been identified as potential planets, 
the science team uses the Keck Telescope in 
Hawaii to gather more data 

If confirmed, users who spotted the transits 
get acknowledgement for their find. As Kepler- 
64b (or PH1b) was the first confirmed planet 
discovered using the initiative, the names of 
the citizen scientists - Kian Jek and Robert 
Gagliano - have been widely reported in the 
media. They are listed as co-authors of a papet 


submitted to The Astrophysical Journal. 
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Second chance for Kepler 


How photons from the Sun could help set the craft back on course 


Mission 


oh 
In order to point the Kepler Space telescope was presented at NASA's and other bodies in the Solar System. | rofile 
Telescope precisely enough to detect 2014 Senior Review anda decision The plan is to use the solar pressure a _ T -~1 
Earth-sized exoplanets, it needed is expected this summer about the Sea 8) (eee ees Kepler second Light 
at least three of its reaction wheels future of the mission. Called K2, or OSE TMM eel tine leet ee mega) 
to function properly. When repair reese ap emeel mente) ee mele emer. third wheel to reposition the craft. Original failure date: 11 May 2013 
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Kepler has discovered more than 


3,800 candidate exoplanets, with 


961 confirmed ones. Aside from 


Photons Kepler-64b, other major discoveries 
ens) include Kepler-16b, the first 





exoplanet with two suns in its sky, 
and Kepler-22b, the mission's first 
potentially habitable planet. The 
latter orbits a very Sun-like star and 
is nearly 2.5 times larger than Earth. 
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It's the biggest announcement in science since the Higgs Boson: 
All About Space talks to one of the founders of the project that 
Interviewed by 


Ben Biggs 


WWwW.spaceanswers.com 


has just confirmed the Big Bang theory of cosmic inflation 


Could you tell us a bit about the BICEP2 project? 
What exactly was it you originally set out to do? 
How did it differ from the original experiment, 
BICEP, that if followed? 

BICEP2 is a step in a larger programme. We originally 
started an experiment back in 2001 called BICEP, 
which was designed to go after this polarisation 
signal exclusively. The idea emerged from my talking 
with a post-doc in the group, thinking that this would 
be an interesting signal to go after. The original 
BICEP experiment was this small, custom-designed 
telescope with an angular resolution of about half a 
degree - a similar size to the full Moon and enough 
sensitivity to resolve the expected structures. It was 
really a specialised experiment with a lot of light- 
gathering power, which meant that, in spite of the 
small telescope diameter, it had an enormous field of 
view. The focal point of the telescope is just packed 
with detectors to give it maximum sensitivity. 
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Prof James Bock 
Professor Bock is co-leader 
of BICEP and, as one of the 

founders, has been with the 
project since its inception in 
2001 over a game of tennis 
with astrophysicist Professor 
Brian Keating. He has worked 
as a researcher at NASA's 

Jet Propulsion Lab and 
specialises in experimental 
cosmology at the prestigious 
California Institute of 
Technology (Caltech). 





Is that what distinguished the BICEP instruments? 
With BICEP] we thought that was a very novel 
approach, as it hadn't been done before. | was 

also working on the next generation of detectors - 
futuristic devices that didn’t exist at the time, called 
antenna-coupled bolometers. We designed the 
experiment so that we could put in these detectors 
when they were ready, but we used somewhat old- 
fashioned detectors. 

BICEP! got out into the field in Antarctica and 
observed for three years, but it didn't have the 
sensitivity to detect the signal that we're recording 
now. Then, after BICEP, we fielded BICEP2 and the 
only difference really was the fact that we used these 
new detectors. It gave us a factor of ten improvement 
in how quickly we could make these measurements. 
That makes a huge difference: BICEP2 was in the 
field for three years, so if we had kept going with 
BICEP! it would have taken 30 years 


Professor James Bock 


“Tt gave a factor of 
ten improvement 
in how quickly we 
could make these 
measurements... 
BICE,P2 was 1n 
the field for three 
years, SO if we had 
e oing with 

BI EPI it would 
have taken 30!" 


You were based at the South Pole. Could you have 
made these crucial observations anywhere else? 
Well, it's possible that you could observe at different 
places on Earth, but for us the South Pole is really 
perfect. It's got a remarkably stable atmosphere. 

The first thing you worry about when it comes to 
millimetre wave observations is water vapour in 

the atmosphere, so you want to go to a high Site. 

On Earth, a high site in the South Pole is good for 
that, as it has about [3,048 metres] 10,000 feet of 
elevation. Also, because the air's so cold there, most 
of the water vapour has frozen out of it. The skies 
are Very transparent and it's also very stable, because 
at mid-latitudes the atmosphere gets churned up by 
diurnal variations of sunlight and dark. Also, at the 
poles the Sun goes down for months at a time, so the 
atmosphere’s very stable. 

The other thing about the poles is that the field 
we want to observe is always up. The sky just goes 
around in a circle all the time - so if we move our 
telescope with it we can observe it all the time. 
Finally, the South Pole is all set up for scientific 
observation; there are facilities, there's a gym... it's 
really a top-notch place from that viewpoint as well 





When you started using BICEP2 you discovered a 
signal that was much stronger than you expected. 
What did you expect to see and why was this 
gravitational wave signature such a surprise? 

I think there are two things: first there is the indirect 
recognition from the Planck satellite. It's not using 
polarisation, but rather the structure of the intensity 
variations in the background... It could have been 
telling us something about inflation, it may be 

that statistically, but this is something that gets 
resolved, worked out. There was that result going in 
[to BICEP2]. Then there was this expectation in the 
community, and I'm as subject to this as anyone, that 
we should really be designing these experiments to 
go very deep to look for the signal. 

So, we were all geared up to even more powerful 
experiments, to find incredibly low numbers. When 
the results initially came out - | became aware of it 
about a year ago from our data - | was sceptical. We 
spent the past year just looking at every possible way 
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Interview Professor James Bock 


The original BICEP 
project team, plus 
the telescope body 


“We spent the past year looking at every 
possible way the instrument could 
produce a false signal. We had many 
turns and zig-zags... but every time the 
data would get more consistent” 





the instrument could produce a false signal. We had 
many turns and zig-zags through this process, but 
every time we would come up with a mechanism, 
generally we would find that after going through it, 
we would learn a few things about the data and it 
would get even more consistent. The data would still 
be present - we were able to find an explanation for 
the signal. The thing that pushed us over was that we 
compared our data with BICEP1, which itself doesn't 
have the sensitivity to produce the signal, so we 
could do a cross-comparison. That cross-comparison 
was consistent with what we were getting. 


So, it gradually dawned on the team that you 
might be on to something? How exactly did that 
feel, being so close to something so significant? 
Well, you know, it's funny how these things emerge 
and, as | said, people have different reactions... We 
have four leaders of the overall programme who 
would sit down and talk every so often just among 
us asking, ‘Do we believe it?’ 

Different people would have different levels of 
confidence. But that wasn't good enough - just to 
sample people's opinions, so we'd ask, ‘If you think 
this is wrong, what specific test should we do next?’ 
Then we would talk about the strategy for the next 
two weeks, discussing what tasks we could do 
that would confirm or open up a line of inquiry 
that would tell us what was happening. We just 
systematically went through all the objections and 
thoughts of our team, taking one at a time. 

The funny story is that last year, in the spring, 
we had actually been trying to get an upper limit 
paper out because we had all this great data. We just 
assumed that we'd be putting a maximum value on 
the signal level and we couldn't get any answer that 
was just noise. We kept seeing this extra signal - it 
was Statistically significant and we didn't see it in 
any of our other tests and actually, we were pretty 
frustrated that we had this signal and we couldn't 
get rid of it! Then we had this meeting where we 
compared our data with [findings] from Caltech and 
they agreed. Suddenly, for me it was this watershed 
moment: ‘It's real!’ ] thought. 


What exactly is B-mode polarisation and how did 
it help you to finally verify the theory of cosmic 
inflation and in so doing the Big Bang theory? 
You can mathematically decompose a pattern of 
polarisation into two kinds. There's one called the 
E-mode pattern, which has a particular kind of 
signature... it doesn't have a curl. You can take any 
pattern of polarisation and it has an E-mode part, 
which is basically curl-free and a B-mode part, which 
only has curls. 

Cosmic inflation sets up density waves that 
are a big source of the polarisation pattern in the 
microwave background. In fact, that’s most of the 
signal we can actually see - mostly E-modes. Density 
waves cannot make a B-mode pattern, so if you see 
one it cannot be made by density waves: you'te led to 
a source that has a handedness. Gravitational waves 
have left- and right-handedness. Scientists have 
known about this since around the 1990s and there 
have been a number of papers released proposing 
that we look for this B-mode pattern as a signature of 
inflationary gravitational waves. 
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How can this signal be recognised for what it is 
after such a long time? 

The gravitational waves from inflation - they're kind 
of the analogue of the microwave background. The 
microwave background is this afterglow of the Big 
Bang made up of the oldest photons we can see, 
it's just that they're scattered. They were created in 
the early universe at an earlier time from matter- 
antimatter annihilation. At that time the universe 
was very hot and those photons were bouncing 
around against the electrons. 

Then there was this time when the universe 
cooled down as it expanded, when the free electrons 
paired up with protons and the neutral hydrogen. 
Next the universe became transparent. So ever 
since that time, which was about 380,000 years 
after the Big Bang, the universe was pretty much 
transparent to optical light. That's what we'Te seeing 
in the background, but we can't see the earlier times 
directly because the photons have been strongly 
scattered. Gravitational waves are kind of the same 
analogue; they're a background made from the early 
universe. They're much harder to detect than photons 
and haven't been observed directly - we've inferred 
them from things like orbiting pulsars. 

These gravitational waves in the background don't 
interact with the universe from the time that it was 
created to a very good approximation. So it's basically 
been free-streaming to us from the time that inflation 
happened, some 10-4 seconds after the Big Bang. 

If we could see these gravitational waves directly, 
presumably we would detect them and we could 
Map out their structure and all that. 

By using the microwave background, we're 
basically using the universe as a gravitational 
wave-detector. The squeezing and stretching of the 
eravitational waves produces this polarisation pattern 
that we're seeing in the background. 


Where do you go with BICEP now that you have 
made the announcement? 

In the near-term the field is going to be active trying 
to test our instrument to see if it’s verified or not. 
We'll be participating in that as well. 


There's been a lot of talk of Nobel Prizes in the 
media - would you care to comment on that? 
[Bock laughs] No. 


Will you be going back to the South Pole for 
further work any time soon? 

Yes. Right now the Sun has set in the South Pole, so 
were in winter mode. We'te collecting data with the 
Keck Array, two focal points running at a different 
colour, at 95 gigahertz instead of 150 gigahertz. That 
data, in two months, should be more powerful than 
what we used in our paper. 

When October rolls around, the season opens for 
summer time and we have a new experiment called 
BICEP3, which will be the most powerful instrument 
of its kind. Once the station opens we basically 
have from mid-October until February to bring our 
experiment down, get it running, calibrate, test 
and prepare it for cosmological observations. In the 
meantime we will be servicing and calibrating the 
Keck Array. It's going to be a busy Antarctic summer. 
I'm looking forward to it.@ 
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BICEP2 B-mode signal 
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Clockwise from the top: A graduate tests the electronics of the BICEP2 instrument inside the Dark Sector Laboratory; 
the BICEP2 B-mode signal, showing a signature curl that verifies the theory of cosmic inflation; the focal plane of 
the BICEP2 instrument, which uses the highly specialised bolometer detectors Professor Bock worked on at JPL; 
liquid helium, coolant for the superconducting BICEP2 telescope, is delivered to the laboratory during the grip of the 
freezing Antarctic winter where in some areas darkness can preside for six months 
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YOUR QUESTIONS 


In proud association with / ‘ 
the National Space Centre | Sea) 


National Space Academy 
Education Officer 
Sophie studied 
Astrophysics at 
university. She has 

a special interest in 
astrobiology and 
planetary science. 


E. SPACE EXPLORATION 


When will we be 
zamena able to go to Space 


Interdisciplinary Science 

and loves the topic 

of space as it brings 

together many different 
I scientific disciplines. 


as tourists? 


David Honey SEM Eb wiht Vea @e nam ene 
Bianca lee tm deisel ee features two hulls linked together 
FIM eiHOOG) are meen nce rl by a central wing - will serve as the 
Sere mee eK A eer eee lee Vem eee et OMmanle-ere celine 
is looking to take tourists into space named SpaceShipTwo. It's also said 
COMA MOTO Oh mei ene memrA OC that the setup will carry two pilots 

WhiteKnightTwo, the mother ship and have room for up to six lucky 
(pictured here) - which takes the form passengers - with deep pockets. 


To get into space will cost you 
roughly £150,000 ($250,000) along 
with a deposit of £12,000 ($20,000), 
sr Lamar el OM Oe Ptot =) BF. ed ee 
minutes of weightlessness during a 
oD nlee malar Olen lee emn rhs 
been taking bookings for some time - 
as early as 2011. GL 


) Education Team 
Presenter 
B® Having achieved 
a Master's in Physics 
and Astrophysics, Josh 
continues to pursue his 
interests in space at the 
National Space Centre. 
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Could our Solar System survive if 
coisa gthe Sun became a red dwarf? 


permanent basis. ‘ _ Sasha Fox 
For one thing, our 


Staff writer 

B® Gemmahas been 
elected as a fellow of 
the Royal Astronomical 
Society and recently 


This is quite some distance from our Red dwarf stars are smaller and 


Red dwarfs are the 
He eee eee es 
atpatep tyme tener ace 




















system would be 
much colder. 
On Earth we 
live in what 
is known 
_as the 
Goldilocks 


Sun and is just the right place for 
liquid water to exist. 

The Goldilocks Zone around a red 
dwarf is much closer and here on 
Earth we would likely freeze. Trying 
to live around this new star would 
also mean we'd have more-intense 
magnetic fields and violent solar flares 
to deal with. 


cooler than our relatively average 
star, the Sun. They are also the most 
common star type in the universe. 

We think that many red dwarf 
star systems may have habitable, 
Earth-like planets that orbit them, 
but replacing our own star with a red 
dwarf would be rather disruptive to 
our Solar System and home planet. ZB 
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Virgin Galactic is likely to 
be the first craft capable of 
taking tourists into space 


Many comets we see passing 
through the Solar System are likely 
to originate from the Oort Cloud 


* 


happen if two 
Oort Clouds 
collided: 
Katherine Sweet 
The Oort Cloud is a theoretical group 
of cometary bodies located at the * 
. edge of our Solar System. It’s thought 
at that some of the comets we see pass 
through the Solar System come from 
here, and if our system has one, it's 
reasonable to think others could too. 
Not much would happen if we 
passed close to an exo-Oort Cloud 
- although one could contain a lot 
of material, it’s quite sparsely spread 
and would have little influence on 
any other cloud. As the two clouds 
interacted we'd maybe see smiall- 
scale disruption, with 
the inner Solar 
System seeing 
a few more 
comets. JB 
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._ ' p om , @ | ? 
light pollution: 
Anthony Crossman Knowing exactly where your target 
There is no doubt that stargazing in is going to be at what time makes it 
urban and light-polluted areas can be much easier to spot. It can be difficult 
tricky. You can't cancel the effect it to view fainter objects, but don't forget 
has lighting up the skies, but there are that there are still plenty of fantastic 
things you can do to get the most out sights to be seen that outshine even 
of your viewing. the brightest glows. ZB 

Find a place out of direct light, even 
if this means hiding under a blanket. Your telescope might not be able to 


Best viewing is late into the night or cancel out light pollution entirely, but a 
in the early hours, so plan beforehand. variety of tricks can help minimise it 
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Would we 
able te live on 
early Mars? 

Mia Grover 

It's possible that we might have 
been able to live on an earlier 

Mars, although we still don't know 
enough about the early atmospheric 
conditions to be sure. 

Observations of river channels 
and ocean beds on Mars show that 
3 the atmosphere was once much 
thicker, so liquid water could exist. 
Turn back the clock to a time when 
Mars still had a magnetic field, it 
would have been able to deflect 
high-energy charged particles that 
would otherwise strip the relatively 






telescope reaches a total of 10.4 metres 
(34 feet) in diameter and is currently one — 
of the most advanced in the world. It 
can be used to explore remote systems, 
galaxies, nebulas and black holes. 
Although GTC is at present the largest, 
plans for even larger optical telescopes 
are currently underway. This includes 
the aptly named European Extremely — 
Large Telescope (E-ELT) planned for the 
early-2020s. This will measure close 
to 40 metres (131 feet) in diameter and 
hopes to help us study our universe in 
more detail than ever before. ZB 


} fragile atmosphere. _ 
. Research by scientists studying —™ or 
the difference between surface rocks a 


and Martian meteorites suggests 
that about 3.7 billion years ago 
Mars may have had an oxygen-rich 
atmosphere. So, for a short time at 
| least, the Red Planet may have been 
habitable for humans. S.A 













Could we have 
once survived 
on Mars? 
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dangerous for us to drink 
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Can you drink water 
from other planets? 


Hillary Wright 

It's probably not a good idea! Knowing which minerals on other planets are 

readily dissolved in water, and in what concentrations, is pretty difficult to 

gauge at the moment. There's quite a high chance that any water that you 
attempted to bottle up and drink from another world is likely to be a sludge 
of acidic minerals, laden with highly toxic metals, or carrying other unsavoury 
materials from underground. 

If we took Mars, for example, it’s likely that any water found there would either 
be extremely acidic or highly salty. You might argue that a beverage like Coca-Cola 
is pretty acidic and you would be right. However, with a pH of around 2.5, our 
stomachs can obviously handle this drink. The Red Planet's much higher acidity, 
however, would cause serious internal injuries. GL 
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Neptune have 
dark spots? 


Anne-Marie Temperley 

Neptune gets dark blemishes in its 
atmosphere due to storms that rage 
in circular or somewhat elliptical 
spots on its surface. 

The most famous of these was 
a gigantic anticyclonic storm in 
the southern hemisphere of the 
planet. At wind speeds of up to 
hour, this storm was recorded to be 
the strongest in the Solar System, 
discovered in 1989 when Voyager 2 
made a flyby of the planet. 

These features haven't always 
been known to stick around. When 
the Hubble Space Telescope looked 
at Neptune, the Great Dark Spot 
had disappeared and another had 
taken its place. GL 
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at is a hot Jupiter? 


A eee 

Hot Jupiters are exactly what 

their name suggests. These alien 
worlds are made of gas (just like 
their prototype) and are often 
URN aoa hAe es hae, 
their star - very much closer than 
Mercury is to our Sun. In fact, some 
Owe MOE mei imel eee ds 
‘often found to reach up to several 
NUE Ne Resco ee ae 
the star roasts the planets’ gases. 

Hot Jupiters are fairly exotic, 

at least by the standards of our 
Solar System, with some of these 
sweltering worlds possibly having 
clouds of molten rock shifting 
through their skies. They are also 
likely to be tidally locked, with 
one side of these worlds facing the 
JDM Tem Oe me lel mee neT NMOL etme 
freezing-cold space. GL 
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How longs 


Hot Jupiters are huge worlds 
made of gas that's heated to 
ieee Cale elec 


would it take 
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our fastest tech1 


Billy Hunt 

The fastest man-made object ever 
created is NASA's Juno spacecraft 
en route to Jupiter. It is travelling 
(with the aid of gravitational 
slingshot manoeuvres) at a 
tremendous 40 kilometres (25 


It would take Juno - our fastest 
spacecraft to date - 7,500 years 
Cone meee nies 


Me eee eee emo Ohm Cements 
Earth. At this speed it would take it 
fee OOR leek eri mes wna B 
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1ology? 


With current propulsion 
technology, using the gravity of 
another planet to gain a speed boost 
is the only way to accelerate fast 
enough for deep-space exploration. No 
other current propulsion technology 
can even come close to this, meaning 
we still have a long way to go before a 
light year becomes a realistic distance 
(oniehiome 7. | 


Quick-fire 

questions 

@spaceanswers 
What is meant by CME? 


CME is short for coronal mass 
ejection. These great bursts of 
wind and magnetic fields are 
thrown out from the Sun's surface 
and into space. 


What is Saturn's 
atmosphere made of? 
The ringed planet's atmosphere is 
made up of hydrogen (75 per cent) 
as Well as helium, with traces of 
other substances like methane 
and water ice (25 per cent). 


How many exoplanets 
have we found so far? 
As of 4 April 2014, we have 
uncovered 1,780 individual 
planets in 1,103 planetary systems, 
which include around 460 
multiple planetary systems. 


How old is the Moon? 
Our natural satellite is around 4.5 
billion years old. 


How many stars are in 

the Andromeda galaxy? 
There are around a trillion stars in 
the Andromeda galaxy. 


What exactly is the 

colour of the universe? 
According to a team of 
astronomers from John Hopkins 
University, the average colour of 
the universe is beige - they call it 
Cosmic Latte! 


Which planet rains glass 
from the sky? 
Super-hot blue alien world HD 
189733b, just 63 light years away 
from Earth, supposedly rains 
molten glass from its atmosphere. 


What's the biggest moon 
in the Solar System? 
With a radius of 2,630 kilometres 
(1,634 miles), Jupiter's moon 
Ganymede is the largest moon in 
our Solar System. 


What is a bullet cluster? 
This is the name of a pair of 
colliding clusters of galaxies. The 
term ‘bullet cluster’ actually refers 
to the smaller subcluster, which 
is found speeding away from the 
larger one. 











Quick-fire 
questions 
@spaceanswers 


This theory of particle physics 
consists of a universe of 11 
dimensions where weak and 
strong forces, as well as gravity, 
are unified. M-theory is an 
extension of string theory. 


At 25 years old, Gherman Titov 
was the youngest person in space 
aboard Vostok 2 in August 1961. 


to Mars planned? 
Unmanned lander mission, 
InSight (Interior Exploration using 
Seismic Investigations, Geodesy 
and Heat Transport) is slated for 
launch in March 2016. 


A white paint makes for a much 
better heat-reflective surface when 
the shuttle eventually re-enters 
the Earth's atmosphere. 


What are the Hyades? 
The Hyades, also known as 
Melotte 25 or Collinder 50, is the 
nearest open star cluster to our 
Solar System. 





an atmosphere? 
Yes, it's a thin envelope of mostly 
nitrogen frozen when the dwarf 
planet is far away from the Sun, 
changing directly from solid to 
gas when it approaches our star. 


With a mission length of 24 years, 
it’s expected that Hubble will 
continue to function anywhere 
between 2014 and 2020. 


Can we see Saturn's 
A 5cm (two-inch) telescope 
will show you Titan, while half 
a dozen of the ringed planet's 
moons are within reach of larger 
25cm (ten-inch) instruments. 


| as SPACE EXPLORATION | 


Why are spacesuits so bulky? 


John Strickland 
Spacesuits appear very padded and 
cumbersome - and, in general, not 
very streamlined - since they must 
provide a certain pressurised volume 
for the astronauts wearing them. 

It's highly likely that the spacesuits 
we see astronauts wearing today bear 


How does 
MAGIC work? 


Terry Brown 
The Major Atmospheric Gammia- 
ray Imaging Cherenkov Telescopes 
(MAGIC) comprises two scopes that 
operate in gamma ray wavelengths 
with 17-metre (56-foot) mirrors. 
These rays release showers of 
particles that are detected by the 
telescopes using the faint light 
given off by the charged particles in 
these showers. Being unaffected by 
magnetic fields, the electromagnetic 
particles act as messengers that tell us 
all about the cosmos. 
So far, the pair of telescopes 
situated at the Roque de los 
Muchachos Observatory on La Palma 
have strengthened the known 
constraints of dark matter models. GL 


a design that's here to stay for some 
time. Despite seeming quite big and 
hard to work in, many spacewalkers 
report that they're indeed reliable and 
accommodate for a wide range of 
astronaut sizes. 

Another factor is cost. With other 
designs for the spacesuit investigated, 


it's not possible to make spacesuits 
less bulky while keeping the price for 
making one down. 

That said, however, the spacesuit is 
now undergoing minor improvements, 
such as enhanced thermal materials, 
better gloves and much improved 
helmet lighting. GL 
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£ signals take overt 135 hours 5 to travel 
= from the probe to the receiver. 


= travelling for over 36 years and has 

* clocked up over 127 times the distance 
+ between the Earth and the Sun. Being 
2 so far away, there's 
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If we could hear a 
supernova, what would 
it sound like? 


Tom Williams 

Sound itself can only be transmitted 
through a medium and so in space 
we cannot hear a supernova. However 
since a supernova is a giant explosion 
triggered by the final death throes of 
a massive star, if we could hear it, we 
would hear an incredibly loud blast. 
Some scientists have gone a step 


further and actually tried to translate 
the huge amount of electromagnetic 
radiation produced by a supernova 
into sound. 

So, what does a supernova sound 
like when you translate the high- 
frequency electromagnetic radiation 
into lower-frequency sound? Well, a lot 
like a massive explosion! S.A 


Voyager's principal uf 
investigator, EdStone, ™ 
See wit amcor: piilelels iy | 
of the space probe 


el 
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-What is the time difference 


‘between ae 1 and us? 


z' — Deep 


delay between signals being sent from 
the probe to them arriving. 

Such a delay can result in the signal 
being very spread out and weak. 
Signals received from Voyager are on 
average transferred at 160 bits (20 
bytes) per second, Data collection is 
also slow, as is waiting for the probe to 
react to a command from Earth. JB 


Since its launch, Voyager 1 has been 


a considerable 
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‘THE FUTURE 
‘OF EARTH 


Discover how our planet will meet 
| its fate 10 billion years from now 


HYPERGIANT 
SUPERNOVAS 


The biggest explosions in the 
Milky Way revealed 


SEE THE 
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Get ; a 360- degree view of the Milky 
| Way with the Spitzer telescope 
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\ GUIDES AND ADVICE TO GET STARTED IN AMATEUR ASTRONOMY 





QO Armchair | sioh iriactis stole HY, 93 Astronomy 
astronomy tA Fe telescope Pm 

How you can do your part Find the most spectacular © | Readers showcase their best The latest essential astronomy 
for cosmic observations nighttime objects astrophotography images gear and telescopes reviewed 


EMV AeS adele ee eh cee el 
EMA Me ee bitem-re Cole mce me 
your hands on the data encoded 
in our universe. Traditionally, this 
information would be thrown back to 
De Vae nme mejor ee lame edt el me nbeel eran 
Cm Ela i (iI Omer lei ceme)Y 
the multi-wavelength, ground-based 
telescopes that peer into the farthest 
reaches of the cosmos. 

However, this is no longer the 
| eh Cet alee hm VEL ele 
a 7 need a PhD in space science to be 

able to have a good look around the 


reales giving astrophysicists d helping han j Ten LOND e emer a tnd 
with their data? Read on to discover how you a 


astronomers need you to trawl 


Can contr leyeles to ainvAsens Brel science through the reams of data that 


A Eee ene ea bE LCom ace an 
- 


" 


astronomical instruments of past and 
a) Ca PMOL COM Gn eco) mee) LUT Nm OT 
GCe) Ie Teee MnO atm Oe OTN ees eae 
to get in on the action of real science. 
OW etaeelele(e mele nitm mania (el meta 
SOA AON PCO NON ete le 
RHE ee ae eee ome hi 
over to the stars populating distant 
EFIEb Acme MOCO en eae) (Same melts 
very own armchair. 
CT datrMelelman (meine mete ee 
in the practise of amateur astronomy, 
eee) Me etic -ee arc e eee 8 ee 
self, as astronomers turn their 
een etn ie-m Ome om oe ca 
and often find themselves 
reporting the discovery of a 
comet or even a near-Earth 
asteroid. These findings give 
us the opportunity to paint a 
etme) aCe mel emel ee mae 
* protective boundary of Earth. 

Even better, by swapping the 
telescope for a computer, a few clicks 
of a mouse has led members of the 
public to make their own unique 
discoveries. Citizen science project 
Galaxy Zoo has discovered Hanny's 
Voorwerp, a green astronomical 
object of unknown nature. Also, 
planet PH1b was discovered in the 
quadruple star system Kepler-64 by 
volunteers of Planet Hunters. 

OUR eee eR ent mele 
so here's our guide to some of the 
best space science projects full of 
@ndiscovered gems. 









112.277 4,266,623 


AA ee eS ea 





Moon Zoo 

Part of the larger Zooniverse project, 
which began with the introduction 
of Galaxy Zoo, the Moon Zoo citizen 
Space project (www.moonzoo.org) 
lets you study the lunar surface 

In unprecedented detail using 
images snapped by NASA's Lunar 
Reconnaissance Orbiter (LRO), which 
is currently circling the Moon. 

The Moon Zoo community has 
visually classified nearly 4,000,000 
images, so your task is to draw 
attention to any noticeable feature that 
May interest scientists - whether it's 
a crater, boulder or unusual feature 
protruding out of the lunar landscape. 
When finished, your hard work will be 
saved to the Moon Zoo database. 


1277? 4 206, 623 


Planet Four 
It might have the likes of the rovers 
Curiosity and Opportunity trundling 
across its surface, but experts are still 
calling on the general public, or citizen 
scientists, to assist the craft surveying 
the Red Planet in a project dubbed 
Planet Four (www.planetfour.org). 
Analyse the Mars Reconnaissance 
Orbiter (MRO)'s images to explore 
the surface of our neighbouring 
world, where you can highlight any 
strange features such as blotch-shaped 
characteristics that pepper the dry and 
barren landscape of the fourth planet 
from the Sun. Who knows, maybe 
you could discover something new 
that's so far escaped the notice of the 
professional astronomers! 


Armchair astronomy/ 





Studying the Solar System 


It might feel familiar like home, but 


there's still plenty to explore 





Target Asteroids! 

Asteroids, or near-Earth objects (NEO), 
have been of interest to amateur 
astronomers on a long-term basis, 

so it’s unsurprising they're called 
upon to contribute to the new citizen 
scientist project currently titled Target 
Asteroids! (www.asteroidmission.org). 

The aim is for amateur astronomers 
to make observations and directly 
support the asteroid sample-return 
mission OSIRIS-REx, that's planned for 
launch to asteroid Bennu. 

Youll need an interest in astronomy 
and access to appropriate observing 
equipment to take part. Through this 
project you can help experts refine 
orbits and determine the composition 
of these members of our Solar System. 


SOLAR 





Solar Stormwatch 

We all know that the Sun has plenty of 
impressive and unpredictable activity 
bubbling away on its surface. Due to 
solar flares and coronal mass ejections 
that angrily burst from its surface, our 
star can be extremely dangerous. 

This is why solar experts need your 
help in tracking these solar eruptions 
across space (www.solarstormwatch. 
com). Not only are you able to keep 
astronauts safe by giving them an 
early warning sign for when dangerous 
solar radiation could be heading their 
way, but you could also make new 
scientific discoveries. 








Hunting for other worlds 


There are billions of worlds out there, so why not help 


expert planet hunters track down and define them? 





Planet Hunters 

Computers might be sifting through 

the data returned by NASA’s planet- 

searching spacecraft, Kepler, but the 

experts behind the Planet Hunters 
project are sure there are many 
s, planets the machines are 


i 


~~ Project: LCOGT 


Agent Exoplanet 

With the Las Cumbres Observatory 
Global Telescope network's (LCOGT's) 
Agent Exoplanet, you're put in the 
shoes of the professional astronomers 
who measure the dips in a star's 


52 


ka 


failing to 

detect currently. 

It's said that the remarkable 
human ability for recognising 
patterns could be the answer to 
finding the worlds that have so far 
eluded our technology. 

Fancy being the one to beat the 
machines to it? Your job is to flag up 
any dips in brightness on what are 
known as light curves to find any 
planets that could be hidden in the 
Kepler data - you may even find Earth 
2.0 in the space telescope’s findings! 


brightness as an exoplanet passes 
across its surface. From this we're able 
to get data about the planet - such as 
how long it takes for the world to orbit 
its star, as well as the planet's mass 
and size. 

Planet hunters are looking for 
members of the public to help analyse 
the reams of exoplanet data gathered 
by the LCOGT'’s integrated set of 
robotic telescopes to discover more 
about the exoplanets turning up. 
These are found in Hawaii, Australia, 
Chile, South Africa and Texas. 


AN Coeh mS 2 


Disk Detective 

All the planets that litter 
the universe have to come from 
somewhere, so Disk Detective looks 
at discovering more about their 
birthplaces - the dusty debris disks that 
circle a star and from which planetary 
systems are born. 

Your mission, if you choose to 
m accept it, is to use data gathered 


~ Telescope: Arecibo , 


SETI@Home 

We know that there are other planets 
out there, but what about other 
intelligent life forms? Seeking any 

and all hints of life elsewhere is SETI, 
which is short for the Search for Extra- 
Terrestrial Intelligence. 


S 


Find the Sirthpiace of 
le) 


by the WISE spacecraft (now known 
as NEOWISE) to sort out the stars that 
have disks of debris around them from 
those that don't. 

It's easy for a computer to confuse 
these disks with other astronomical 
objects, so your contribution in 
analysing the stars in distant galaxies 
and nebulae can help professional 
astronomers immeasurably. 


As we have seen with the previous 
citizen science projects, there's usually 
a certain degree of data analysis 
involved, but with SETI@Home all 
you need to do to be part of it is run 
the software - known as the Berkeley 
Open Infrastructure for Network 
Computing, or BOINC for short. 

This will work in unison with other 
internet-connected computers that 
also download and analyse radio 
telescope data from the largest radio 
dish in the world, the Arecibo radio 
observatory in Puerto Rico. 
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ne with gas, dust 
and stars, galaxies also 
give off a treasure trove 
of data ready to be 
e probed by you 


Galaxy Zoo Hubble 
The long-serving Hubble Space 
Phe (late) e merece ol aad om BUNA Dero bn ere eat 
of our universe back to Earth since 
its launch in 1990. Not only is the 
spacecraft's pictorial data stunning 
VOM LEO) UOT elem Lew OEE Ute UNI ORNb ELLE) 
observe in the near-ultraviolet, visible 
EN ete Molec eoeva ests My Ai ada bran ote 
providing a mine of information. 
When teamed up with data from 
the Sloan Digital Sky Survey (SDSS) 
and ground-based UKIRT, this gives 
Galaxy Zoo a whole wealth of data to 
contend with. 

The main aim of Galaxy Zoo, which 
originally went live in 2007, is to 
help astronomers get to the bottom 
of how galaxies form. To assist 
with this, the Zooniverse project 
offers citizen scientists to classify 
galaxies in photographs in order of 
IE) e =n | Aten MRO em abe e Rebel ics 
barred spirals or elliptical structures, 
you will help experts to crack the 
big questions, such as how these 
eel es IRRIe eee acie 
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Milky Way Project 
Living in a galaxy helps us to get a 
bit more of an understanding of these 
structures in general, as well as the 
many different types of stars and 
DEMS BOs wm em en aY 
Way. However, that's not all. Despite 
Nsom dervemeltimeer le bein aula om-i0 | 
remains a lot of unexplained and 
undiscovered aspects of our galaxy. 
Just like Planet Four and Moon Zoo, 
the idea is to classify objects in the 
Milky Way, being sure to point out the 
likes of star clusters, other galaxies in 
id ntemeOtje: ete =m ahd berm) eb) Come gh el 
Suh ee iacleh gece te 
dae ce ee mele ie meee len etm att 
find something truly extraordinary - 
with all the fantastic images courtesy 
of the Spitzer Space Telescope. 


Andromeda Project 
The Andromeda Project is citizen 
[a (aie Meier eh Que i ameleleme ls 
know that it’s the closest spiral to us, 
it’s packed with a trillion stars and it 
weighs in at over 1,000 billion times 
the mass of the Sun. We have a good 
idea of all of these features, among 
others, but what we don't know too 
much about is the evolution of this 
gigantic structure during its nine 
DI alee) a eco ieen 

The project is looking at rolling 
in more data from Hubble during 
2014, enabling you to get classifying 
stellar clusters and distant galaxies. 
With your help, combined with other 
citizen scientists, we could be piecing 
together Andromeda’'s past much 
Sele mera mare lsat eee 


Radio Galaxy Zoo 
It's not just the optical side of galaxies 
that citizen scientists can find 
themselves getting stuck into. Objects 
that can't be directly observed - 
supermassive black holes found at the 
centre of galaxies - are also fair game. 
You might be wondering how 
it's possible to hunt for these 
heavyweight objects when we 
Te GUE eee een elenle) 
wavelengths and the telescopes that 
SIMO eh yee seme mer Dl 
witness the jets of material that they 
spit out after gorging on gas and dust. 
With your help in finding them, 
astronomers are hoping to understand 
how black holes of all masses form 
and evolve - so the more you come 
" i r 
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A world of citizen 
astronomy 


Control some of the world's | ; 

most exotic telescopes from the A ie 
comfort of your own home P, “ “ 
When you hear the term armchair astronomy, ta 
youte most likely envisioning a scientist sitting in 

a chair reading heavy tomes covering all manner of 
topics in astronomy and astrophysics. 

In fact, armchair astronomy employs technology 
that many professional astronomers just can't live 
without. With the helping hand of the internet, you 
don't just have access to a huge amount of space- 
related information, but also the largest telescopes all 
over the world at your fingertips. Based under exotic 
skies, these great telescopes enable you to point at 
any object in the sky and the great thing is you don't 
need to be in the same country. In other words, 
you'e using these powerful instruments remotely, 
just like the scientists who control interplanetary 
robotic spacecraft that image the Moon and travel 
long distances to planets. 

With today’s high-speed internet access and 
advanced browser-based programming, anyone 
with an internet connection can now escape their 
overcast or light-polluted environment to sites with 
some of the clearest skies in the world. Not only 
can you skip through the skies of New Mexico and 
Spain to Australia and beyond, you will also be using 
equipment worth a fortune. 

While you don't get the chance to look through 
the eyepiece as you would at home or at a society 
meeting, controlling an observatory in another 
country is mind-boggling in its own right. With a 
few clicks of a mouse you could be using a telescope 
under a pitch-black foreign sky, observing and 
imaging deep-sky objects that you might never have 
seen before. Your mouse and keyboard really do serve 
as a doorway to the universe! 
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Sierra Remote (94 
Observatories, 
California, USA 


105) Faulkes Telescope 
Colada) 
Observatory, Hawaii 


Telescopes: 8&9 

Website: http://events.slooh.com 

Price: Free 

Ability: Beginner / suitable for kids 

Slooh doesn't offer an extensive network, but does 
give membership to use its telescopes for free. You'll 
also find you have the option to be guided through 
live imaging sessions by an astronomer. Slooh gives 
full guidance on controls, which are so simple that 
children can get involved. There are even observing 
programs for young astronomers. 





The Observatorio del Teide is just one of the many huge 
devices that you could take direct control of 


© RUE 
New Mexico 
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08) Slooh Observatory, 
Santiago, Chile 





Faulkes Telescope 
wa (aa 





Telescopes: 5&6 
Website: www.faulkes-telescope.com 

Price: Free 

Ability: Beginner / suitable for kids 

A partner of the Las Cumbres Observatory Global 
Telescope Network (LCOGTN), the Faulkes Telescope 
Project provides free access to its two-metre (6.6-foot) 
robotic telescopes. Similar to other organisations 
hosting overseas telescopes, the Faulkes Telescope 
Project provides full training for anyone wanting to 
get the most out of amateur astronomy. 
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Website: www.itelescope.net 


Telescopes: 1,2,3 & 4 
Price: From £11 ($19) 


\bility: Advanced 

iTelescope operates a network of nearly 20 telescopes 
in three locations across both the Northern and 
Southern Hemispheres. Being in two different 
hemispheres gives a huge advantage, as if the skies 
aren't clear in one, you can switch to the other. 
Time using the telescopes can be bought in packages 
ranging from a starter trial at £11 ($19). 
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www.lightbuckets.com 
Prices vary 
Beginner 

LightBuckets presents a simple setup that leads the 
user through choosing an observatory, target, as well 
as an imaging run. It will also automatically produce 
final full-colour images, so there’s no need to know 
anything about image-processing. If you see yourself 
as advanced, you can take complete control of the 
observatory and command of your imaging run. 


elem cintale 
telescope 


Telescope: 10 

\Vebs te: www.telescope.org 

Price: Free 

A>) >» Beginner / suitable for kids 

The Bradford Robotic Telescope (BRT) is often 
used by schools and colleges, making it one of the 
favourites for astronomy outreach. The BRT is also 
free to use, unfortunately meaning that telescope 
time is heavily over-subscribed. The system features 
multiple power backups and can cater for any 
teething troubles it may encounter. 
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emission nebula in the plane of the Milky Way. 
It's around 5,000 to 6,000 light years from 
Eee Oem HbLaR oem T OMI CHC ee. Vime)eLoie 
cluster of around 35 stars is embedded in the 
nebula and causes the gas to fluoresce. 
This is one of the youngest star 
clusters known, at around a , | | 
million years of age, and is ye r } —~ Aww 
visible through binoculars eM , oe 
and small telescopes. 
























Found i in the constellation of enn: MS i ks 
ble as a fairly bright fuzzy patch of light in 
See EHOOM ONT MColacwe) ee LO Telos 
instruments being able to resolve many of the 
eT ahs iet ee te meee) be) Meee lesion ee lely De 
globular clusters and also one of the 
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of age. It's thought to be about 
24,500 wae years away and 
contains between 100,000 
and 500,000 stars. 
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Ape) materi Vl ea eteelt red man: 
hours of darkness 

Discovered in 1764 by Charles Sees 
this small, dense cluster of stars can 
be easily overlooked, but is well worth 
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up well in binoculars or small telescopes. 


ea Latent an wn through the 
hours of darkness 

SMM eit enit cote men mnt nlel.ay 
is a giant interstellar dust cloud nestled in 
the constellation of Sagittarius. We can see it 
ayer lik om Merle) de ee eM Cee eM eRe A meee) 
buried within and is therefore known as an emission 
nebula. You can see it as a faint misty patch of light ee Bor Nh etme ite leb ire 
in binoculars and small telescopes. Long-exposure ey aaTL ere to be around 4.6 million years old and 
photography shows it at its best and it's thought to eee ROC MEYAICICM eee eran earch 
lie between 4,000 to 6,000 light years away from us. but the rest are fairly small and dim. 
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Send your astronomy photos clare mentee 
of you with your telescope to photos@ 
Spaceanswers.com and we'll showcase 
them every issue 
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Jacob Bers 
| | Gene M ONT. 
oes) e a o 
ED80OSF/Orion ShortTube 
LOO ete Sew Beene ty 
“My equipment includes 
a Vixen EDSOSF, Orion 
aes ~_~-ShortTube 80 and a 
Nikon D5100. The picture of the Moon was taken 
with my trusty Orion XT8 Dobsonian. It’s a four- 
PCV MOOSE Om PION MON COU RON MO eet melt nlcm a elom ened alt 
side. I am self-taught, with most of my processing 
being done in Photoshop CS2. Currently I'm a docent 
for the Peninsula Astronomy Club's observatory at 
Foothill College. At age 16, I'm just beginning my 
adventures into the universe.” 
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Patrick Poitevin 
Derbyshire, UK 
Telescope: Meade 200/Celestron C90 
Se oe Eee a ee eee meme eee lm ei) plot 
for many years and | have seen 42 so far. Besides our travels to see 
eclipses, my wife and I also travel to observe transits - we witnessed 
the transit of Venus and have seen five transits of Mercury. Earlier this 
month I was fortunate enough to see a plane passing in front of the Sun 
while imaging. Additionally, I was successful in capturing the International Space Station 
from home in Tissington, Derbyshire. 

WE emorcei swiss eel eer lace) ieee nl ct e om ilo Como de eee emer Ctl es 
from all over the world gather and share a passion for solar physics and eclipses.” 


Cameron Sorgi 

4 ~*~! California, USA 
: Telescope: n/a 
‘T'm a full-time VFX artist and astronomy enthusiast. 
I love studying all things to do with space and the 
universe. These photos were taken right from the 

ae weeh me) @rehee |Past aimee weve melee e ems 
sky was particularly clear.” 









Chris Sinclair ; 
¥ Caithness, Scotland 
»: Telescope: Sa Co ABS 8 
Refractor 
“| have been interested in astronomy 
i , ~ all my life and got back into it with 
a é e a telescope last year, where I quickly 
| a a found n¥yself delving into deep-space 
astrophotography. G pave Saditsiitahmerteg) alc ge rele 
often nice aurora displays from our location at 58 degrees " 
north. For all my images I used a Celestron CG5 GoTo 
Mount, with a Sky-Watcher ED80 Refractor fitted with a 
x0.85 Focal Reducer and a Canon EOS 7D." 
1. Orion nebula (M42) , 
2. Andromeda galaxy (M31) 
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Email the story of how you got 
into astronomy to photos@ 
Spaceanswers.com for a chance to 
feature in All About Space 





Current rig 


Coronado PST 





"It Was a Move to west Cornwall that 
reignited my childhood interest in 
astronomy. Arriving here ten years ago, 
| couldn't believe the number of stars 
visible in the night sky compared with 
the light-polluted city I had left behind. 
| spent many evenings after the 

move just sat in my garden trying to 
remember and relearn constellations 
that | had long forgotten. 

"I started out by using just my 
naked eye, but soon was turning a pair 
of binoculars onto favourites such as 
the Orion nebula and the Andromeda 
Palaxy. It wasn't until | purchased 
my first telescope, a Meade 6°, that I 
became completely hooked. 

“| mostly made observations 
within my own garden but soon 
learnt of some dark-sky locations and 
Started to travel out farther to dark 
coastal locations... where the night is 
sometimes so clear that the Milky Way 
shines beautifully overhead. 


Carolyn’'s top three tips 


Carolyn Kennett 
| Location: Cornwall, United Kingdom 


Twitter: @CarolynKennett 
Info: Astronomer for eight years 





telescopes: Meade LS 6°, Sky-Watcher 90mm Mak, 


Mount: Equatorial mount 
Other: 10x50 binoculars 


“To learn more, three years ago | 
started a distance learning course in 
astronomy, which snowballed into 
doing a full degree in Astronomy. 
Although I love observing I've found 
that I equally enjoy the theoretical 
aspects to the subject and have 
been elected as a fellow of the Royal 
Astronomical Society. 

“It was about this time that | 
also became a member of a local 
astronomy group called Landsend 
Astronomers and discovered that I 
love the social aspect to astronomy. It’s 
amazing the helpful hints and tips you 
can pick up along the way... 

“l enjoy sharing my knowledge in 
the subject and have become a STEM 
ambassador with the intention of 
inspiring younger generations. When | 
look back, I've come a long way since 
I started sitting on my doorstep ten 
years ago, gazing up at what seemed 
to be random clusters of stars.” @ 





1. Connect with 2.Keepalogbook 3. Use decent 
astronomers Looking back through eyepieces 

I love the social aspect your journey 1s The telescope is 

to astronomy and have something really special. only as good as your 
met some helpful people. Also you never know eyepiece. Using a poor- 

| hope that I have been when your observations quality eyepiece will 
able to give as much may be important to significantly limit your 
advice as I've received! professional astronomers. enjoyment of the hobby. 
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“Setting up at Rinsey Head 
with Jupiter shining in the 
south, autumn 2013" 
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“Meeting Pete 
Lawrence and 
Paul Abel at a 
Perseid meteor 
Seer ele 
August 2012" 


i anche) mans 
supermoon rising 
near Pendeen, 
June 2013" 
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“Tone-mapped image of 
the Moon and Venus at 
Kielder in 2013 using a 
Canon 500D" 


“First reasonably 
successful picture 

of the Moon using a 
Canon IXUS 950]S. 
eC dn reel oee lem eels 
ee arelme mae ee liye om 
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“My equipment setup for 
eyepiece projection along 
with my binoculars” 


Stargazing stories/ 






STARGAZER 


Stephen MacGillivray 


Location: Bath, United Kingdom 
Info: Astronomer for three years (although had interest and 


» telescope for longer) 


Current rig 


telescope: Celestron PowerSeeker 114 
| Mount: Sky-Watcher EQ5 Mount with synscan ver 3.35 
| Other: Canon EOS 500D, Nikon Binoculars 10-22 X 50, 


Revelation eyepiece set 


“Lam in the unenviable position 

of being both an astronomer and 

a Christian and | came to enjoy 
astronomy because of my faith. As 
such, my story is somewhat unique 
and my focus within astronomy will 
differ from many others. Although | 
no longer agree with their arguments, 
it was a book by creationists that 
motivated me to buy my first telescope 
approximately 15 years ago. | am, to a 
fair extent, on the fence with a lot of 
the debates, as 1 think humans have a 
lot more to discover before we can put 
all the pieces together. 

“Similar to many people, | had 
difficulty getting used to the operation 
of my telescope and have only been 
using it actively for about four years. 
My current scope is the same as 
my original but I recently upgraded 
the mount. In astrophotography, a 
good mount is vital. My interest in 
astronomy has always been primarily 


visual. 1 am gradually learning the 
science behind it, but what draws me 
is seeing or capturing the beauty and 
breathtaking sights of the cosmos. 
These interests led me to try to take 
pictures through my telescope and 
after some attempts | managed to take 
a picture with my handheld camera 
through the eyepiece. 

"The tone-mapped picture of the 
Moon and Venus was taken with 
a /70-200mm lens on a tripod. | 
have included this to show that if 
your interest is taking pictures of 
things beyond the Earth, then you 
don't need a telescope. However, it’s 
Important to have manual settings on 
your camera and the better the lens 
(interchangeable or otherwise), the 
better the image you will get. 

"The last two pictures are my first 
attempts at deep-sky imaging. These 
can be achieved only with a tracking 
mount and DSLR or CCD camera. @ 


Stephen's top three tips 


1. Learn the sky 


phones. Mapping the 
night sky means that 
you can spend more 


rather than finding it. 


2. Develop a 

There are good apps for preferred method 
this on most tabletsand Assoon as you know 
your field(s) of interest, 
decide whether you want _ trails, find some nice 
to draw, compare or 
time looking at an object, photograph objects and 
practise doing this. ISO 800. 


3. Shoot manual 

To image astro objects 
you need a camera with 
manual settings. For star 


foreground, a tripod, the 
longest exposure and use 
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Print edition available at www.imagineshop.co.uk 
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Telescope advice/ 


Sky-Watche 
Skyliner- 
250PX 














With light-gathering ability, this 
has everything you could need 






Te escope 
advice 

Cost: £499 (approximately $840) 
From: www.tringastro.co.uk 

Type: Dobsonian 

Aperture: 254mm (10in) 

Focal length: 1,200mm (47in) 

We love a Dobsonian and the 
Sky-Watcher Skyliner-250PX is no 
exception, certainly living up to the 
precedent in performance and ease- 
of-use these telescopes bring. Setting 
up the Skyliner-250PX is a breeze, 
especially with the comprehensive 
instructions to help you along if you 
get stuck in the process. However, 

we learned to our dismay that once 
you put this telescope together, you're 
unable to take it apart, so it’s always a 
good idea to locate a storage space for 
your new instrument. The good news 
is that this model isn't too big and is 
very easy to move around with the 
assistance of lifting handles, although 






for night-sky observations 










some may find that this could be a 
two-person job. 

Supplied with two 1.25" eyepieces - 
a1lOmm and 25mm Plossl - we found 
the optics of this Dobsonian to be 
incredible, providing very clear, sharp 
and pleasing views across an excellent 
percentage of its field of view. 

Targeting star clusters, Jupiter 
as Well as a range of nebulas, this 
instrument certainly didn't skimp on 
any detail. Additionally, diffraction 
spikes and light loss were minimal 
in comparison with other telescopes 
we've tested. Spherical aberration 
was kept at bay with high-quality 
paraboloidal primary mirrors. On 
the downside, the telescope’s mount 
isn't driven, meaning only simple 
astrophotography can be attempted 
with it - but this didn’t put us off. 

This telescope gets a glowing report 
from us, while a selection of eyepieces 
and filters only serves to impress even 
more than the highly practical top 
power of 508x.@ 
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from all good 
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Supermarkets 


> > > > > 4 








AMAZING FACTS 








1 Binoculars 

eel PA wb et 
Cost: £199.99 / SN/A 

From: www.opticalhardware.co.uk 
The Ostara Elinor 10 x 50s are very 
light and the perfect answer to 
effortless observing for first-time or 
intermediate astronomers. 

The fully multi-coated optics 
PEA oe eee rei pees cea 
contrast of a range of night-sky 
objects, however, we did notice 
FRG aries 4c eminem ile 
observing brighter stars. 

Over 7O per cent of the Elinor’s 
TAU ee ee eee alan 
only a little over 20 per cent showing 
SUN O Uh CO) Ge) WI O(c lm el cet) Co 
globular cluster M13 appeared as a 
bright, fuzzy ball in the six-inch field 
of view. Double stars such as Alcor and 
Mizar were also easily split, revealing 
excellent contrast. The Orion nebula 
was a stunning sight, showing off its 
fuzzy-grey form and the brightest 
members of the Trapezium cluster. 

The binoculars might be expensive, 
but certainly a worthwhile investment 
if you don't own a telescope. @ 
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Cost: £89.99 / SN/A 

From: www.opticalhardware.co.uk 
If you're looking for a quick way to 
use filters for your telescope while 
ensuring they're kept safe, then look 
Ome melee Reel mie 
These filters beautifully played up 
EMME ee elm eee 
March sky had to offer. 

The wheel unit itself is well made 
and not flimsy, promising a long life 
for many observing sessions. Pesky 
reflections are kept to a minimum, 
URAC w Ismael ele Crean rl a 
more, you don't need to remove 
the filters from the unit, but simply 
Fle OOM Ot Mae e) MeN N MOR etn 
CCG) QUOT at @ abel antcel rear m ents 
em eUm ce thts 

VM eB meme eae lec elt ns 
filters, the housing unit enables you 
ORES CHE eee eee 
Mee Oem em CORe nine ca 
screws need to be loosened - a small 
PUNUH ED ROTOR VN mer TiN el oats 
the usefulness of this filter wheel. @ 


A ot auepn fe MCON HOAX .: 





kit reviews 


Must-have products for budding and 
experienced astronomers alike 


CB et) 

Space Hoax 
Cost: £4.99 (e-book only) / $23.95 
From: www.spacehoax.com 
From the first page of Space Hoax, we 
begin where we left off in the book's 
prequel, Moon Hoax. We follow the 
life of CLA agent and former NASA 
candidate Peter Novak, who has 
landed safely back on Earth after 
thwarting the plans of the Chinese to 
gain space-race glory. 

What soon becomes clear as we 
read on is that the Chinese are looking 
for revenge on America and we're 
soon catapulted on an adventure 
that takes a look at China's plan to 
eles) oe Oe eee UN Lea ew ele cele Dare 
joy - the International Space Station. 
It's up to Novak to save the stranded 
cosmonauts aboard the crippled 
station, but will he succeed? 

We won't spoil the ending to this 
engaging novel, but what we can tell 
you is that Paul Gillebaard doesn't 
disappoint. Written with a close 
attention to detail and an excellent 
dose of action, you'll find it hard to put 
Jaeeseveate ie 








oe 

Peewee Neo 

With a treasure trove of information, 
SNUB rita le)e)i ede) pm eee lle ie lene) 
and interactive, providing you with 
tidbits of information. Even better, 
eee Am eee ele ee be 
iPhone users, serving as the perfect 
companion to learn all about NASA, 
its missions, cutting-edge research 
and spacecraft. New stories are posted 
eae eee eee MIL 
you're hooked up to Wi-Fi or a suitable 
data connection on your iPhone. 

We got stuck into the new 
Maer em ele Me ORO) Man Ase tes.| 
Visualization Explorer as soon as we 
downloaded it and found that there 
was no severe crashing of the movie 
player. The handy app also played 
audio seamlessly. 

With there always being something 
eV CON OPA Le eae penn 
illustrations and images along the 
way, the NASA Visualization Explorer 
aOR ORE 





AN OSTARA EYEPIECE 
AND FILTER SET 


We've got the ultimate kit to enhance your 
experience under the night sky up for grabs 


Courtesy of Optical Hardware (www.opticalhardware.co.uk) we've got an entire 
set of Ostara eyepieces and filters, complete with an aluminium hard case, for 
you to win this month. 

With nine Plossl] eyepieces (4mm, 5mm, 6.5mm, 1Omm, 15mm, 2x20mm, 
25mm and 40mm) you can push your telescope to the limit, grabbing great 
views of the planets and deep-sky objects that will leave you amazed from one 
observing session to the next. That's not all - three filters (Moon, polarising, 
preen) will ensure that you get the best contrast and night-sky sights possible. 


To be in with a chance of winning, all you have to do is answer this question: 


Which planet reaches opposition on. 10 May? 


A: Neptune B: Saturn C: Mars 





®@CELESTRON 
Nexstar SE 


Featuring high quality Cassegrain optics, the 
NexStar SE range is ideal for observing and 
photographing the wonders of space. The 
portable SE's feature precision opbcal systems 
and have all the same features as Celestron’s 
most advanced computerised Golo lelescopes 
including the revolutionary SkyAlign ™ alignment 
technology, @ sky tour feature, a database of 
noaty 40,000) cbiestal obpects and easy to use 
hand control 


Nexstar 4se £ 405 
Nexstar 5se £ 605 
Nexstar 6se £ 750 
Nexstar 8se £1120 

Check website for latest price 


| \, These prices are only available while 
. stocks last...! 
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FRIENDLY ADVICE & WIDE RANGE OF PRODUCTS: 
YOUR ONE STOP SHOP FOR OPTICAL GOODS 





+ lelescopes & telescope mounts for beginners, 
experienced amateurs & professionals 

+ CCD & DSLR cameras, astrophoto accessories & 
mobile tracking mounts for enthusiasts and scientists 


+ Binoculars, spotting scopes & tripods for nature 
observers 

+ Microscopes for students, science labs & amateur 
naturalists 


Please or to our website for 
more competitive prices on scopes 
from the world's leading manufacturers. 


sherwoods-photo.com 









. | | * o a : So ee ae. 
Call 020 33 845 187 between 9am —- 8pm 7 days a week. North Court, Greenhill Farm, Morton Bagot 
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| One of the UK’s most popular 
7 ) | » and longest standing providers 
To Advertise In Fatuertioneinehe 
| | courses. Choose from five 
separate astronomy courses, 
suitable for complete beginner 
right through to first-year 
university standard, including 
GCSE Astronomy. A certificate is 
issued for each completed course. 
You will find a complete syllabus 
for each of the courses available, 
along with other details about 
each course, and the necessary 
enrolment information on our 
website. There is a ‘Student 
Feedback’ link where you can 
view some of the unsolicited 
comments we have received from 
past students. We pride ourselves on being accessible and flexible and 


| oo ‘re s : oe a . : offer very attractively priced services, of the highest standards, and we 
é 0 fl f C f ny a ft f 8 fl work hard to provide you with what you want. Of paramount importance 
to us is the one-to-one contact students have with their tutor, who is easily 


O, y yA O 2 5 by a 43 i accessible even outside of office hours. Planet Earth Education's popularity 


has been growing over many years with various home educators who have 
used our courses in the education of their own children, many obtaining 
the GCSE Astronomy qualification, a recognised science qualification. 


available for enrolment all —— 


matthew.balch@imagine-publishing.co.uk 
Courses 
O16] 653 39 1092 Ww pl Larie teart he i uc ‘at i m.c O.uk 


Tring Unit 15 The Old Silk Mill, Brook Street 


Tring, Herttordshire HP23 5EF 
01442 822997 


www.tringastro.co.uk enquiries @ tringastro.co.uk 
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Choosing the right telescope can sometimes be a challenge but we think seeing them in 
the flesh and talking to an expert over a coffee and a hobnob helps. That's why we have 
over 40 Telescopes on permanent display, a coffee machine and a full biscuit barrel! 

So why not pay us a visit and lets talk Astronomy 











Open Monday — Saturday 10am — 3pm and out of hours by appointment 





The peculiar life of the last great 
naked-eye astronomer revealed 


In an age of eccentric astronomers, 
Tycho Brahe was perhaps the most 
eccentric of them all. Rumoured to not 
only have a tamed elk in his residence 
but also a psychic dwarf, Brahe’s life 
is one of both astronomical genius 
and bizarre tales. There aren't many 
other astronomers who can claim to 
have lost part of their nose in a duel 
over a mathematical formula, before 
going on to make some of the most 
significant astronomical observations 
and discoveries of their time. 

Tycho Brahe was born on 14 
December 1546 in Skane, Denmark 
(now Sweden). The eldest son, his life 
would begin its unusual path when, at 
an early age, he was kidnapped from 
his parents Otte Brahe and Beate Bille 
by his uncle Jargen Thygesen Brahe 
after they had supposedly promised a 
child to Jargen and his wife but failed 
to fulfil the promise. 

At the age of 12 Brahe studied law 
at the University of Copenhagen as 
per his uncle's wishes, but he quickly 
developed a love for astronomy. 

He soon realised becoming a great 
astronomer meant spending many 
nights poring over observational data 
and would often spend his evenings 


doing just that. His uncle requested 
he persevere with law, however, so 
when Brahe was sent on a study tour 
of Europe at the beginning of 1562 he 
was limited to performing astronomy 
in his spare time. 

One of Brahe's defining 
characteristics was that part of his 
nose was prosthetic, revealed in 2012 
to have been made out of brass. Brahe 
had received this disfiguring wound 
from another Danish nobleman, 
Manderup Parsberg, on 29 December 
1566, after the two disagreed over 
a Mathematical formula. Crossing 
swords was the only way to resolve 
their differences, apparently. 

Prior to this, in 1565, Brahe's uncle 
had died of pneumonia and two years 
later Brahe fully devoted himself 
to astronomy. With the help of his 
maternal uncle, Steen Bille, he built an 
observatory and alchemical laboratory 
at Herrevad Abbey in former Denmark. 

Brahe is often regarded as the last 
great naked-eye astronomer as it was 
not long after his time that Galileo 
invented the telescope. It was from 
his observatory that he began making 
notable discoveries including one 
on 11 November 15/2: a very bright 


OAD hide diel ty 
eM ck npr 
Aaa a cece lice 
lost a chunk of it 

in. asword duel! 





star in the constellation Cassiopeia, 
now known to be a supernova. His 
measurements revealed that it must 
have been very far away - farther 
than the Moon and the planets - 
challenging the commonly accepted 
theory that beyond the lunar orbit 
objects were in a state of antiquity. 

Over the next two decades he made 
more and more significant discoveries 
from Various observatories. He was 
the first to realise comets were farther 
away than the Moon, rather than 
within the atmosphere which had 
been previously believed. He also 
performed some of the most precise 
observations of the night sky at the 
time before the arrival of the telescope. 

One of his biggest contributions to 
astronomy, however, actually came 
after his mysterious death in 1601. 
Brahe had been hugely protective of 
his work throughout his life but, with 
his passing, his assistant - famed 
astronomer Johannes Kepler - was able 
to use Brahe’s detailed observations of 
Mars to formulate his groundbreaking 
laws of planetary motion. 

Brahe's life was certainly an 
eventful one. Alongside personal 
drama he made some monumental 
discoveries and observations in the 
field of astronomy, and today he is still 
regarded as one of the most important 
astronomers of all time. Perhaps he 
would find it fitting then that one of 
the Moon's most notable craters in its 
southern Earth-facing region is named 
in his honour. @ 
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No other large-scale object in the universe is as fundamental as a 
star. Stars are a central topic of astronomy, and because the study of 
stars encompasses key concepts in nuclear physics, electromagnetism, 
chemistry, and other disciplines, it is an ideal introduction to how 
we understand the universe at all scales. 


The Life and Death of Stars introduces you to this spectacular 
story in 24 beautifully illustrated lectures that lead you through the 
essential ideas of astrophysics—the science of stars. Your guide is 
Professor Keivan G. Stassun of Vanderbilt University, who provides 
lively, eloquent, and authoritative explanations at a level suitable 
for science novices as well as for those who already know their way 
around the starry sky. 


Offer expires 30/06/14 
0800 298 9796 


WWW.THEGREATCOURSES.CO.UK/8ABS 





LECTURE TITLES 
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The Stars’ Information Messenger 
Measuring the Stars with Light 


Stellar Nurseries 

Gravitational Collapse and Protostars 
The Dynamics of Star Formation 
Solar Systems in the Making 


Telescopes—Our Eyes on the Stars 
Mass—The DNA of Stars 


10. Eclipses of Stars—Truth in the Shadows 
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12. A Portrait of Our Star, the Sun 


13. E=mc?—Energy for a Star’s Life 


14. Stars in Middle Age 


15. Stellar Death 


16. Stellar Corpses—Diamonds in the Sky 


17. Dying Breaths—Cepheids and Supernovae 


18. Supernova Remnants and Galactic Geysers 
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20. The Dark Mystery of the First Stars 

21. Stars as Magnets 

22. Solar Storms—The Perils of Life with a Star 
23. The Stellar Recipe of Life 

24. A Tale of Two Stars 


The Life and Death of Stars 
Course no. 1872 | 24 lectures (30 minutes/lecture) 


SAVE £30 


CA on | TT m4 - f 
DVD £84959 NOW £24. 
+£2.99 See Elie Masten e | 
Priority Code: 96476 





For 24 years, The Great Courses has brought the world’s 
foremost educators to millions who want to go deeper into 
the subjects that matter most. No exams. No homework. 
Just a world of knowledge available anytime, anywhere. 
Download or stream to your laptop or PC, or use our 

free mobile apps for iPad, iPhone, or Android. Nearly 

500 courses available at www.thegreatcourses.co.uk. 








The Great Courses”, Unit A, Sovereign Business Park, 
Brenda Road, Hartlepool, TS25 INN. Terms and conditions 
apply. See www.thegreatcourses.co.uk for details. 
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StarSense 
TECHNOLOGY 


Automatically align 
your Celestron 

telescope with our 
StarSense Accessory! 


The revolutionary technology in 
the award-winning SkyProdigy 
telescope is now available for 
almost every Celestron 
computerised telescope. 






Align and control your 
Celestron telescope 

~ Wirelessly using your 

- IPhone or iPad! 
Celestron’s innovative new SkyQ Link WiFi Module turns 


your iPhone or iPad into your own personal planetarium 
and observatory! | 


SkyQ Link 
WiFi Module 








Available on the 
fi App Store 





eames F1 Telescopes Green Witch (South) 
ICELESTRON’ Sittingbourne Bedfordshire 
- SUPERCENTRES 01795 432702 01767677025 
Astronomia Green Witch (North) Widescreen Centre 
Dorking West Yorkshire Central London 
01306 640714 01924 477713 020 7935 2580 


and specialist dealers nationwide 


WWW. celestron.uk. com 


Celestron, SkyQ™ and StarSens are tradema or registered trad of Celestron Acquisition Neng n the United States and in do f other countr ar ee orld. 
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